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ABSTRACT
Due to multicollinearity and autocorrelation time series data 
are quite often the least satisfactory method of obtaining empirical 
results. One solution is offered via pooling of time series and cross- 
section data. Such a technique was employed in the context of total 
energy demand for eight EEC countries.
Out of the existing literature on pooling techniques the tradi­
tional covariance analysis approach was chosen to be the most suitable 
specification when our sample consists of a number of countries. A 
basic static demand model with income, price and temperature as expla­
natory variables was estimated, and the variability of the derived elas­
ticities was observed over time. It was inferred that this relationship 
is inherently unstable but good predictions can be obtained if the period 
of estimation is saficiently small. Indeed the predictions made for the 
crisis period 1971-74 showed no change of the basic structural relation­
ship. As total demand for energy is subdivided into the demand by the 
domestic and the industrial sectors, predictions for 1974 become slightly 
worse. This might be taken to suggest, that at a lower level of disag­
gregation the expectations generated during the crisis period "show up" 
more, in which case the model as specified in a static sense must have 
somehow been affected.
The dynamic behaviour of oil demand in the domestic and transporta­
tion sectors was investigated through a model that allows for the stock 
of energy using appliances and expectations to vary.. Upon estimation, it 
was found that the basic elasticities and especially price become "weaker" 
as we approach 1970, while predictions in the crisis period were badly in 
error. A partial adjustment dynamic model used for the industrial sector 
indicated that the dynamic specifications have changed at the firm level 
earlier than at the household level. It was concluded, that a dynamic 
approach for the time period under investigation and the distributed lags 
used, is not able to capture the great changes in expectations that occured 
in the oil market. Thus, although a dynamic analysis is more "pragmatic" 
in describing our economic relationship it is less valid in the crisis 
period. There are indications that for this limited period a simple static 
approach, inadequate as it is, could yield better results.
"It is sometimes claimed that there are two camps - the teachers 
and the researchers - and that an accomplished researcher is not 
necessarily a good pedagogue. I have a fundamental distrust of 
the pure teacher. He cannot really know his subject the way a 
creative researcher does, and he will always be teaching yester­
day 1s ideas."
L. R. KLEIN
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PROLEGOMENA
The primary aim in this piece of research has been to develop 
econometric models that can be used for forecasting in the energy 
market. It follows, then, that the analysis and criteria adopted as 
well as the techniques employed might be more appealing to the practising 
economist rather than the academic.
. Apart from an introductory statistical chapter, in all other parts 
econometric techniques have been used. Only when economic theoretical 
reasoning can be applied to the existing stock o£ statistical data can 
we expect meaningful interpretations from them. Simple time projections, 
useful as they are, lack the ability to isolate, quantify and test the 
various economic factors affecting the phenomena under study. This im­
plies that the natural tool of analysis for the economist in applied re­
search is econometrics.
Should this work be read by the pure econometrician or the pure 
statistician he will probably "exclaim" when studying some parts. Many 
of the tests stipulated by the econometrics literature have been, in 
various ways, avoided or neglected. No test, for example, has been used 
for the identification of the models employed. Neither has an X^  test 
or Janus quotient etc. for the forecast values of the dependent variable 
been used, nor an overall F test for each of the equations. Whenever 
the entire period was divided into a number of subperiods, no homogeneity 
test for the different periods was performed. The various more sophisti­
cated techniques in pooling were rejected mainly on logical grounds, 
while a test for the assumption of common slopes was not even tried. In 
many cases even the basic t test was loosely taken into consideration.
Since it is a fact that econometric methods are techniques predomi­
nantly for the economist, in his hands all transformations, tests, mathe­
matical fosrmulations etc., have in all cases only one interpretation; 
the one dictated by economic theory and reason. Thus, the research re­
sults reported here should be viewed as an economists effort to give his 
interpretations when confronted with a relatively new field where theories- 
and empirical work have not yet been crystalised.
In most econometric applications economic theory statistical in­
ference c-nd empirical studies of the past help to check and sustain the
maintained hypotheses. When,' however, "virgin lands" are being explored 
we are bound to make cautious steps and initial experiments are needed so 
as to navigate the research that follows. It is then that econometrics 
becomes a process of "fine' tuning". The kit full up with statistical 
tests, is there, but if we indiscriminately apply all of them there is 
risk of refuting the very reason research was started. Alternatively, 
if we rely more on the signs, size and movement of our parameter esti­
mates in time, then we have a better chance of reading through the masses 
of computer runs the meaningful messages that econometrics is able to offer.
In Chapter Two a simple static model of energy demand was applied to 
time series data. . Most of the results obtained were disappointing by any 
of the conventional criteria. This, together with the smallness of the 
sample, led us to the use of an alternative method of estimation. In 
Chapter Three this method - pooling of cross-sections and time series 
data - was critically evaluated in the light of our particular objectives 
and sample of countries. A survey and comparisons of the existing pooling 
techniques, suggested that a covariance type model is the mos't suitable 
one for a group of countries which are at a relatively similar stage of 
development, but nevertheless, have a number of differences. If the 
entire sample is divided into certain subsamples each relating to a small 
time interval, then a number of structural changes of the economy, and the 
energy market can be revealed. Such an assumption is investigated in 
Chapter Four as well as a break down of total energy demand to that of 
the domestic and the industrial sector.. Thus, Part I which is based on 
the static approach concept is concluded.
The insight and advantages gained from pooling all EEC countries 
time series to a single sample, is extended to the dynamic analysis which 
is the subject matter of Part II. There the demand relationship for only 
the most important of the fuels (oil) is analysed. Expectations, through 
distributed lag mechanisms become an integral part of the model. In 
Chapter Five household behaviour is formulated via a novel dynamic model. 
This specification is applied to both the domestic and transportation 
sectors. Lastly, in Chapter Six the dynamic behaviour of firms is investi­
gated by using the popular in practice partial adjustment model.
Naturally, in the course of this research effort a number of people 
from various institutions have been consulted. I am indebted to most of
the members of the economics department at the University of Surrey 
for stimulating comments and fruitful discussions. The heavy burden 
of reading through my various versions of chapters fell on Professor 
C. Robinson. His thorough knowledge of the energy market and numerous 
critical suggestions have greatly influenced this work. For this I am 
most grateful.
This study would never have been possible without the three-year 
financial help by Shell International under a fellowship. On various 
occasions I obtained statistical assistance and many helpful comments 
from the head and the members of the energy information and statistical 
analysis division.
All views expressed, methodologies adopted and interpretation of 
results are entirely my own.
\
PART I
In this part of the study the simplest possible energy relation­
ships are empirically investigated. The basic determinants are iso­
lated, quantified, and then used in the framework of a static model 
in order to measure their effect on energy demand. Thus, all fuels 
are treated in aggregate and not separately.
The analysis ends vrith an assessment of the demand for energy 
function via a finer sub-division of the entire time span considered. 
A further breakdown of total energy demand in the context of the two 
major sectors, the domestic and the industrial, is also investigated.
CHAPTER ONE
The backbone of applied economics nowadays, is the analysis of 
historical statistics. In this chapter an evaluation of the energy 
market in the EEC* area is made on the basis of time series data from 
1955 up to 1974. The methodology adopted is a purely statistical one 
and attempts are made to draw some meaningful conclusions from the 
examination of the pattern of energy consumption over time. At a 
second stage the analysis is "enriched" by the introduction of a causal 
economic factor, GDP, and a number of conclusions are derived.
The source for all .statistics cited in this chapter is the data 
appendix at the end.
1.1 Preliminary Considerations
Heat and motive power have been one of man's most important in­
ventions from the dawn of civilisation. Thus,' the significance of 
primary energy sources from which heat and motive power are derived 
is undeniable. The evolusion of source usage moved from wind and 
falling water to the use of wood, coal, oil, natural gas and more 
recently nuclear power. There is also the emergence of solar and 
geothermal energy but they are still used in very small amounts. In 
the present study we are only concerned with the major primary fuels 
which are: coal, oil, natural gas, hydro and nuclear electricity, 
irrespective of whether there are indigeneously produced or imported.'
The strategic role of primary fuels in sustaining economic growth 
has naturally brought about fears of resource exhaustion. Works such 
as -the Limits to Growth (1) approach this question by assuming that 
the volume of natural resources and the capacity of earth to assimi­
late waste are. fixed. It immediately follows then that uninterrupted 
economic growth'will sooner or later lead mankind to a catastrophe.
The mechanistic world of exponential time projections, around which
A STATISTICAL ANALYSIS
* In our group of EEC countries the Republic of Ireland is not 
. included due to lack of sufficient statistical data.
works of the Limits to Growth type revolve, neglect both mans in­
genuity to invent solutions for his ever increasing problems, as 
well as the role of the price mechanism in relation to resource 
allocation. It is very unlikely that we will encounter an energy 
famine in the future, more likely, we will undergo a switch over 
time from the traditional fuels to different forms of energy with 
possibly heavy reliance on nuclear fission. As Ray and Robinson 
(2, pl3)* conclude "Our general conclusion is that, among all the 
problems which confront the world, one of the least is the prospect 
of energy famine in the foreseeable future. The switch from oil 
and gas to other energy forms, and the eventual substitution of non 
fossil for fossil fuels, are unlikely to proceed smoothly and will 
no doubt cause difficulties for many people, but they are among the 
most unlikely causes of world catastrophe."
In fact the switch from fuel to fuel has been a common charac­
teristic of the past. Coal has been readily substituted by oil during 
the late 50's and the 60’s while in the late 60"s and especially the 70' 
we had a dramatic increase in natural gas consumption. The same situ­
ation may be repeated in the future and for different fuels. What is 
more important for the economist, however, is the indentification of 
the underlying factors which cause these interfuel shifts and -the time 
and speed of adjustments involved. Once the underlying structure has 
been identified it can usefully be applied in the future and reasonable 
forecasts can be obtained. Prior to entering on the econometric in­
vestigation, where economic theory is taken into account, a purely 
statistical picture of the energy market in the EEC area is presented. 
The statistical story of the growth of energy consumption and inter­
fuel shifts for the various countries is recorded in the following 
tables.
1.2 Per Capita and Total Energy Consumption Through Time
Right from the outset it ought to be emphasized 'that, there is no
* For a detailed Investigation and appraisal of the world's supplies 
and prospects see, C. Robinson "The Depletion of Energy Resources" 
The Economics of Natural Resource Depletion, edited by D. W. Pearce, 
MacMillan, 1975. Also C. Robinson and E. Crook "The World Energy 
Outlook: A Survey", report to CEGB, September 1973.
6inherently correct measurement of energy in practice. In this study 
energy is expressed in terms of coal equivalents because of the wide­
spread use in national and international publications. Oil equivalents 
or British thermal units could have been used equally well but with no 
definite advantages*.
In Tables I and II we see the relative position and the growth 
of energy consumption over time of the various EEC countries. By 
many economists these indicators are taken to express the level of 
economic development and the rate of growth of the various economies. 
Some, go as far as the Nobel prize winner Sir Frederick Soddy who 
suggests that energy can be used as a more fundamental unit of account 
than money. This idea, of course, falls in the context of the "energy 
analysis" debate which more or less proposes an energy theory of value, 
this has currently been the subject of a number of conferences and a 
number of divergent views**. However, if energy consumption is not a 
proof it is certainly a strong indication of a country's relative 
position of affluence. Darmstadter (3), on calculating the per capita 
energy consumption for forty nine selected countries for 1965 ranks 
U.S.A., Canada, Czechoslovakia, U.K. at the top, while Malaysia, Costa 
Rica, Nicaragua, Guatemala at the bottom. By most standards this rank­
ing accords with the relative level of economic development of these 
countries.
Countries which had attained high economic growth in the recent 
past (eg. Italy, Netherlands, Denmark) depict a high annual rate of 
energy growth. More mature economies (eg. U.K., F.R.Germany, Belgium/ 
Luxembourg, France) appear to have a much lower rate. In general, as 
countries pass on from the agricultural stage to the industrial stage 
they entail rapid expansion of their energy requirements. Later on at 
a more mature stage of development this growth rate is expected to 
decline. This is the main reason that advanced countries have a lower
* The question of the most'appropriate way of measuring energy is 
given a further treatment in Chapter Two.
** A good collection of papers on energy analysis is to be found in 
the Energy Policy, December 1975 issue.
7E N E R G Y  C O N S U M P T I O N  P E P  C A P I T A  ( K G . C . 6 )
T ABLE I
1 9 5 5 1 9 6 0 1 9 6 5 19 7 0 1 9 7 4
I T A L Y 7 2 0 1 1 3 5 1 7 8  4 26  89 3 0 5 7
N E T H / 0 S 2 3  76 2 6 9 1 3 4 4 3 5 0 6 6 6 0 5 ?
F R A N C E 21 59 2 4 2 0 2 9 7 1 3 7 9 8 4 2 7 1
D E N M A R K 2 4 9 5 2 8 3 0 4 0 9 ? 5 8 3 3 51 83
F . R . G F R . 3 3 7 3 38 1  4 4 4 0 4 5 3 4 7 5 6  26
B E L / L U X . 4 0 8 4 3 9 6 2 4 7 29 5 9 3 2 6 5 04
U . K . 4 9 7 1 49  2 2 51 57 5 41 8 5 3 6 4
E . 6 . C . 2 8  7 2 31 33 3 6 6 9 4 5 7 3 4 7 8 0
T A B  I E  I I
a n n u a l ” p e r c e n t a g e  r a t e  o f  g r o w t h  o f  e n e r g y  c o n s u m p t t o n
1 9 5 5 / 6 0 1 9 6 0 / 6 5 1 9 6 5 / 7 0 1 9 7 0 / 7 -
I T A L Y 1 0 .2 1 0 . 5 9 . 2 4 . 1
N F T H / D S 3 . 9 6 . 5 9 . 3 5 . 6
F R A N C F 3 . 3 5 , 6 5 . 9 3 . 9
D E N M A R K 3 . 2 8 . 5 8 .1 - 2 . 3
F . R . 6 E R . 3 . 3 4 . 2 4 . 9 2 . 4
B E L / L U X . 0 .0 4 . 3 5 . 1 2 . 7
U . K . 0 . 3 1 .6 1 . 4 0 . 0
F. . E . C . 2 .6 4 , 3 5 . 2 1 . 9
8energy growth rate than developed ones. Darmstadter (3, p71) quotes, 
for the period 1950-65, an annual percentage rate of growth for the 
developed countries of 3.9, while for the underdeveloped countries 
the rate is almost double 7.7.
In Table III the total and percentage energy requirements of each 
country in the total EEC consumption is shown. The share of two coun­
tries, Belgium/Luxembourg and Germany, .remains practically unchanged 
through the period. In the beginning of the period U.K. is the biggest 
energy consumer but its share undergoes a continuous decline. All 
remaining countries incur an increase of their share with Italy in the 
lead.
1.3 The Changing Picture of Individual Fuels
A much more clear and comprehensive picture of the energy market 
is given in Tables IV and V where energy is disaggregated into its 
main components. It is quite true that when energy is treated in an 
aggregate fashion many important structural shifts are obscured. The 
main feature emerging from these tables is, the continuous decline of 
solid fuels and their substitution by liquid fuels and natural gas, 
which has been a worldwide phenomenon; The consumption of solid fuels 
is tied up with economies which are in their early stage of industria­
lisation. Indeed the character of the industrial revolution in Britain 
is closely associated with coal. The more recent era of automation and 
line production is tied up with the growth of 'the petroleum industry. 
Thus, in a way, the shift from coal to oil marks these two different 
stages of industrial development.
The emergence of natural gas has been very important especially 
from 1965 onwards when large deposits in the Netherlands and die North 
Sea came into use. Hence at the end of the period, although the oil 
dependence of the EEC was still substantial, 15% of die total energy 
requirements were satisfied by natural gas. Hydro and nuclear elec­
tricity, though of increasing importance, are still minor contributors 
to the overall energy requirements.
In the "troubled period" 1970/74 the annual rate of growth of 
all fuels declined. This is somewhat surprizing because it was only 
in the oil market where we had disturbances. The fact that individual
E N E R G Y  C O N S U M P T I O N  A N D  P E R C E N T A G E  D I S T R I B U T I O N  BY  C O U N T R Y
1955 1960 1965 1970 1974
IE  I I I
C ON . % CON . % C O N . % C O N . y< C O N . %
I .3 4 6 8 0 5 . 6 5 6 3 5 0 7 . 9 9 2 6 6 7 1 0 . 6 1 4 4 0 6 5 1 2 . 7 1 6 9 4 1 1 1 3 .9
N 2 5 5 5 0 4 . 1 3 0 8 9 0 4 . 3 4 2 3 1  0 4 . 8 6 6 0 1  4 5 . 8 8 2 0 0 8 6 . 7
F 9 3 7 5 0 1 5 . 0 1 1 0 5 4 0 1 5 . 6 1 4 4 8 4 5 1 6 . 5 1 9 2 8 0 0 1 7 . 1
2 2 4 2 7 8 1 8 . A
D 1 1 0 3 0 1 . 8 1 2 9 6 0 1 . 8 1 9 4 7 7 2 . 2 2 8 7 5 7 2 . 5 2 6 1 7 5 2 . 1
G 1 6 9 2 2 0 2 7 . 1 2 0 3 5 6 0 2 8 . 7 2 5 0 3 4 9 2 8 . 6 3 1 7 7 4 8 2 8 . 1
3 4 9 1 1 8 2 8 . 7
8 / L 3 7 4 9 0 6 . 0 3 7 4 8 0 5 . 3 4 6 2 9 7 5 . 3 5 9 3 2 2 5 . 2 66  0 81 5 . t
U. K . 2 5 4 5 4 0 4 0 . 8 2 5 8 4 5 0 3 6 . 4 2 7 9 3 8 9 31 . 9 3 0 0 2 0 2 2 6 . 6 3 0 0 6 8 2 2 4 . 7
E .E .C . |62431 0 1 0 0 . 0 7 1 0 2 3 0 1 0 0 . 0 8 7 5 3 3 4 1 0 0 . 0 I 1 1 3 0 1 8 7 1 0  0 . 0 1 2 1 7 7 5 3 1 0 0  +
fuel markets tend to have the same fate is an indication of their 
interdependence, and the need to take the whole energy market into 
account when making individual fuel decisions. Expectations, for 
example, generated in one market are inevitably transmitted to the 
rest of the fuel markets. Thus, as we have recently observed, in­
creases in 'the prices of liquid fuels induce sooner or later increases 
in the overall energy price level. As oil becomes more and more ex­
pensive the bargaining position of solid fuels and natural gas becomes 
stronger and stronger. Given the nature of the fuel: market, monopoly 
powers will eventually exploit the situation and push the general 
energy price level up. (For a more detailed exposition on this point 
see C. Robinson, "The Energy Crisis and British Coal", I.E.A., 1974).
1.4 An Economic Interpretation
The analysis so far was carried out on the basis of one indepen­
dent variable, time. Quantities of fuels at various time intervals 
were observed and speculative reasons, about the possibl.e causes of 
the changes over time, were given. In this kind of analysis the 
implicit assumption is that energy demand is solely a function of 
time. Many economists have observed the obvious fact that energy
10
A N N U A L  P E R C E N T A G E  R A T E  OF GR OWT H OF I N D I V I D U A L  F U E L S
1955/60 19 60/65 19 65 /7 0 1 9 7 0 / 7 A
TABLE IV
SF LF NG S f LF NG S F LF NG S F LF NG
I T A L Y 0 1 6 1 2 1 1 6 A 2 1 1 1 1 -  2 3 5
N E T H /  D S - 2 1 A 1 8 - 3 1 3 3 8 - 1 2 A 6 A “ 1 A 3 1 2
F R A N C E 0 9 53 - 1 1 A 1 5 - A 1 2 1 A “ 1 0 6 8
D E N M A R K - 3 1 1 0 - 2 1 A 0 “ 6 1 3 0 - 7 “ ? 0
F . R . G E  R. 1 29 1 8 - 2 19 33 - 2 1 1 3 8 ~ 3 3 1 5
B E L / L U X . -  2 8 A - 1 16 A “ 3 10 141 3 19
U . K . - 2 1 2 1 A 6 - 1 8 65 - A 7 71 - 1  0 3 0
E . E . C . - 1 1 A 1 8 ~1 1 A 1 3 “ 3 1 0 32 - 6 4 16
TABLE V
P E R C E N T A G E  D I S T R I B U T I O N  OF P R I M A R Y  F U E L S
1955 19 6 0 196 5 19 70 1 9 7 A
SF LF NG HE SF LF NG HE | SF LF NG HE j S F I. F NG HE i SF LF N G HE
ITALY 33 42 14 n | 20 5 4 1 5
" “ ir * “ ” 
11 | 13 69 11 7 0 75 1 2 4 7 7 A 1 6 3
N F. T H / 0 S 69 30 1 0 i 51 47 2 o ! 32 62 6 0 | 11 4 8 41 0 | 7 3 0 63
0
FRANCE 73 23 1
i
3 | 6? 30 3 5 4 6 4 5 5 4 29 6 0 7 4 | 20 6 5 1 2 3
DENMARK 61 39 0 0 1 4 4 56 0 0 2 6 73 0 1 13 89 0 ~ 2 | 1 2
«
88 0 0
F . R „ G E R . 92 7 0 1 ! 79 2 0 0 1 59 39 1 1 41 5 0 8 i1 1 « 48 1 5 2
B E L / L U X . 84 16 0 o 76 2 4 0 0 . 59 4 0 0 1 50 1 o
I
1 | 32 4 8 1 8 2
U.K. “ 86 14 0 0 j 76 24 0 0 6 6 32 1 1 j 51 43 5
1
1 i 40
I
4 4 1 5 I
E , E . C . 82 1 6 1 1 69 27 ? 2 I 52 4 3 3 2 ! 3 4 5 3 9 A | 2 5 .5 5 1 5 5
S F -  S 0 1.1 D F U E L S  
L r = I I 0UID FUELS 
N G = N A 7 U R A L  GA S
H E s  H Y D R 0 AND  N U C L E A R  E L E C T R I C I T Y
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comsumption is by and large a function of economic activity. One 
cannot find a commodity which has been produced without the utili­
sation of some form of energy. An improvement then is acheived if 
we replace time by the economy's output in the energy model. Hence 
simple relationships between these two variables have frequenctly 
been used in order to assist in explaining energy demand and also 
for forecasting. One such relationship is the energy output ratio 
which shows how many energy units are needed for the production of 
one unit of output.
In Table VI the yearly ratios of all EEC countries are given.
Energy is measured in kilograms of coal equivalents and the Gross 
Domestic Product in 1963 U.S. dollars. The 1955 U.K. figure, for 
example, means that for the production of one dollar worth of out­
put, an input of 3.7 kilograms of coal or coal equivalents are needed. 
This ratio then expresses a technical relationship between one input 
(energy) and the output (GDP) of the economy.
The first thing to note is that economies with relatively larger 
industrial sectors such as Germany, U.K., Belgium/Luxembourg, are 
energy intensive (ie. have high energy GDP ratios). On the other hand 
economies with a relatively larger agricultural sector, such as Italy, 
Netherlands (at the beginning of the period), France, Denmark, appear 
as less energy intensive (ie. have lower energy GDP ratio).
An other feature of this ratio is that it is quite variable over 
time. In ’the cases of Italy and Netherlands it shows a marked increase- 
of the energy intensity of these economies during the period of in­
vestigation. The main cause has been the gradual industrialisation and 
the development of heavy industries in these countries in the last two 
decades. Countries which in the beginning of the period were already 
industrialised (ie. Germany, U.K., and Belgium/Luxembourg) experience 
a notable decline in their energy input per unit of output. This is 
probably due to gains in efficiency which result when we substitute 
in production coal by oil. Another reason is technological advance 
and better organisation of the production process. Both these have 
been a characteristic of the advanced economies and the ratio has 
naturally dropped. France's ratio depicts a slight decline while in 
Denmark we observe a decline in -the beginning of the period an Increase
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TA BUG VI------- ---- ENERGY GDP RATIO
( W  ko . of C. G .
I T A L Y N E T H . F R A N C E D E N M  . G E R  . B / L U . K .
1 9 5 5 1 . 2 2 . 4 1 . 7 2 . 0 3 , 0 3 , 4 3 . 7
1 9 5 6 1 . 2 2 . 5 1 . 8 2 . 0 3 . 0 3 . 5 3 . 6
1 9 5 7 1 . 4 2 . 5 1 . 8 1 . 8 3 . 1 3 . 4 3 . 5
1 9 5 8 1 . 3 2 . 4 1 . 7 1 . 8 2 . 8 3 . 1 3 . 5
1 9 5 9 1 . 3 2 . 6 1 . 6 1 . 7 2 , 6 3 . 1  - 3 . 3
1 9 6 0 1 . 4 2 . 6 1 . 6 1 . 8 2 . 4 3 . 0 3 . 3
1 9 6 1 1 . 4 2 . 3 1 . 6 1 . 9 2 . 3 3 . 0 3 . 2
1 9 6 ? -v 1 . 5 2 . 5 1 . 5 2 . 0 2 . 4 3 . 0 3 . 3
1 9 6 3 1 . 6 2 . 9 1 . 6 2 . 2 2 . 5 3 . 1 3 . 3
1 9 6 4 1 . 7 2 . 6 1 . 6 2 . 1 2 . 4 2 . 9 3 . 5
1 9 6 5 1 . 7 2 . 5 1 . 5 2 . 1 2 . 3 2 . 9 3>1
1 9 6 6 1 . 8 2 . 6 1 . 5 2 . 3 2 . 3 2 . 8 3 .  0
1 9 6 7 1 . 9 2 . 6 1 . 5 2 . 1 2 . 2 2 . 7 2 . 8
1 9 6 8 1 . 9 2 . 7 1 . 5 2 . 3 2 . 3 2 . 9 2 . 8
1 9 6 9 1 . 9 2 . 9 1 . 5 2 . 3 2 . 3 2 . 8 2 . 9
1 9 7 0 2 . 0 3 . 0 1 . 6 2 . 6 2 . 3 2 . 9 3 . 0
1 9 7 1 2 . 0 2 . 9  . 1 . 6 , 2 , 3 2 . 3 2 . 9 3 . 0 .
1 9 7 2 2 . 0 3 . 1 1 . 6 2 , 3 2 . 3 3 . 0 2 . 9
1 9 7 3 2 . 0 3 . 2 1 . 6 2 . 2 2 . 3 3 . 0 2 . 8 .
1 9 7 4 2 . 0 3 . 1 1 . 5 2 . 0 2 . 3 2 . 9 2 . 7
in the subsequent years and a decline at the end. Again all these
reflect slow structural changes within the economy
Although this ratio is highly variable within countries over
time and from country to country there are periods when .t shows
remarkable stability. For example, in Italy for the period 1958-61, 
in France for the period 1965-69, in Belgium/Luxembourg for the period 
1960-63, and above all in Italy, France, Germany, Belgium/Luxembourg 
for the period 1970-74. Clearly most of the changes seem to have 
happened in the late 50*s and the early 60's. Then we have a more 
stable period from around 1965 to 1970 and a very stable one from 
1970 up to 1974.
In applied investigation many researchers have used the energy 
GDP relationship for predictions. The usual procedure is to .fit a 
line on past time series data of these two variables and project it
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into the future. However, as the previous inspection of the simple 
energy GDP ratio showed this relationship is quite unstable from
period to period and hence fundamentally not a good forecasting tool.
In the following table the simple energy on GDP model is fitted 
to the 1955-70 period and projections up to 1974 are compared with 
the actuals. A simple exponential trend model was also calculated 
and its projections are compared with the former. Thus the two 
models computed were:
<*> E - AYb
and E = Bect
where E = energy in ra.t.c.e.
Y = GDP in constant 1963 prices 
t = time trend taking the values 1, 2, 16 .
A, b, B, c, constants to be determined from the
regression analysis.
Table VII contains the regression estimates of the two models applied 
to each of the EEC countries. Since both equations are linear in 
logarithms the GDP parameter is also the elasticity with respect to 
consumption while the antilog of the time variable (minus 1) gives 
us the annual compound rate of energy consumption. Predictions for 
1971, 72, 73, 74 from each model were compared with the actual con­
sumption figures and the percentage deviations have been computed.
As can clearly be seen on the average both models tend to yeild 
equivalent answers. They have equally high R2|s and their predictions 
are quite close.
It is surprising to note that a simple time trend model - where 
the demand for energy is taken to follow over time an abrupt 1, 2, 3, 
... etc. path - can give the same kind of predictions as an apparently 
more economically sound one like the energy/GDP model. Trends are an 
old standby in econometrics. They have been described as mechanistic
(*) Since the Energy/GDP relationship is used here in a purely stati­
stical sence we disregard the usual econometric assumptions and 
tests.
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V  I t
G D P R P E R C E N T A G E F O R E C A S T E R R 0 R
C O N S T A N T E L A S T I C I T Y S Q U A R E 1 9 7 1 1 9 7 2 1 9 7 3 1 9 7
I - 6 , 2 0 5 8 1 1 . 6 1 7 6 0 . 9 8 5 - 0 . 6 - 1 . 5 4 , 4 6 ,
N - 1  . 0 4 9 4 3 1 . 2 0 9 2 0 . 9 6 1 - 5 . 1 “ 1 1  , 4 - 9 . 3 -  4 ,
F 2 . 7 6 1 8 0 0 . 7 9 7 8 0 . 9 6 6 - 5 . 7 - 6 . 9 - 1 2 . 0 - 6 .
D - 2 . 9 8 4 0 9 1 . 4 1 3 0 0 . 9 6 5 2 . 0 4 . 2 1 5 . 0 21  .
G 5 , 0 2 9 3 9 0 . 6 3 9 0 0 . 9  36 - 6 . 6 - 8 . 7 - 1 1 . 7 ' - 9  .
B /L 3 . 7 5 0 8 1 0 . 7 2 3 7 0 . 9 1 6 - 3 . 2 - 7 . 6 “ 1 0 . 4 - 9 .
U .K . 7 . 9 2 3 3 3 0 . 4 0 3 2 0 . 8 1 2 - 1  . 9 - 2 . 7 “ 4 . 5 “ 0 .
T I M E R
C O N S T A N T P A R A M E T E R S Q U A R E  V -V
I 1 0 . 3 6 5 4 5 0 . 0 9 6 1 0 . 9 9 3 l o . s ; ..... 1 4 . 9 2 2 . 7 " ■  3 1 .
N 1 0 . 0 1 9 6 2 0 . 0 6 0 6 0 , 9 5 7 - 8 . 7 - 1 5 . 2 - 1 2 . 0 - 4 .
F 1 1 . 4 0 9 2 6 0 . 0 4 3 5 0 . 9 5 5 - 5 . 9 - 2 . 6 “ 1 2 . 1 * 5 "
D 9 . 1 1 4 6 2 0 . 0 6 7 6 0 . 9 6 1 4 . 5 6 . 3 1 9 . 1 3 9 .
G 1 2 . 0 0 0 6 2 0 . 0 3 8 2 0 . 9 5 7  / - 2 . 4 > • 2 . 8 - 5 , 3 o .
B / L 1 0 . 4 2 8 . 6 3 0 . 0 2 9 0 0 . 8 3 9 - 6 . 0  ■" - 1  0 . 9 .....- 1 4 . 3 - 1 0 ,
U . K . 1 2 . 3 9 3 7 7 0 . 0 1 1 5 0 . 7 8 3 “ 0 . 1 - 1 . 5 - 4  . 2 0 -
' ■ -
... ........ . - -•• •--
devices which express nothing else but our ignorance about the true 
forces behind a model. In most applications the time coefficient 
does not represent the rate of growth of -the dependent variable but 
simply the joint effect of all variables that have wrongly been 
omitted from the model. What follows -then is, that the introduction 
of a single explanatory variable such as economic activity, which is 
strongly correlated with time is not very useful either in energy 
demand forecasting. One should clearly look to analyse and interpret 
the energy market in the light of some other factors besides GDP.
In the following diagram the energy picture is broadened by the 
introduction of fuel prices. Elementary economic theory suggests that 
•die demand for any commodity is a function of meiny things among which
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the most important ones are income and relative prices. All three 
variables are expressed in rates of change so as to free the series 
from a heavy growth trend over time. So what we compare.is per­
centage changes from year to year. Energy consumption and GDP are 
simply summed for all EEC countries while prices have been combined 
by using constant 1963 quantities as weights. The yearly consumption 
changes have also been rounded off so as to smooth out any temperature 
effects.
There is a clear positive relation between energy consumption 
changes and GDP changes. The former, however, depicts much more 
sharp changes which in some cases are even negative. In some periods 
the income effect cannot explain the behaviour of consumption. For 
instance in 1961-63 the rate of change of income was falling while 
that of energy was rising. This situation can only be reconciled 
if we take into account the price effect. Real fuel prices were 
failing during this period thus apparently inducing higher levels 
of energy consumption. The same behaviour but in the opposite direc­
tion is noticed again in the 1963-64 interval. Looking individually 
at the consumption changes and the price changes we see a market 
inverse relationship. This is especially true in the period after 
1970 when all decreases or increases of the consumption rate are 
matched by oppostie movements in the price rate (except 1972-73).
In two cases one can talk about price expectations apparently affect­
ing consumption. The 1957 price rise was met with a reduction of the 
.rate of change of consumption not only in that year but in the subse­
quent one too. Also, in 1969 the reduction in prices appear to have 
induced consumption rises not only in that year but in the following 
year too.
1.5 Final Remarks
In this short introductory chapter the endeavour has been to 
explain the movement of energy consumption via a statistical approach 
The income and price effects were gradually introduced into -the energy 
picture, nevertheless, the analysis was kept on the. elementary level. 
The fact is that diagrams, ratios, growth rates etc, purport to explain 
the behaviour of economic magnitudes on a mechanical and crude basis.
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This is because at ail times the behaviour of any economic variable 
is the result of the combined effect from many sources, not of one 
source at one time. It is the task of the researcher to disentangle 
the individual effects and give the relationships a meaningful inter­
pretation.
What clearly emerges from the analysis so far is that naive re­
lationships of the energy/GDP type are solely indicative of what 
might be the causes of variation in energy demand rather than a quan­
titative proof of it. If we built an energy model where GDP is the 
only explanatory variable the inherent instability of the relationship 
(as shown in Table VI) makes it invalid for forecasts. This is because 
part of the effect-of the missing variables is inevitably absorbed by 
the only existing one GDP which then becomes even more unstable over 
time. As a result predictions based on the energy GDP model are 
rendered quite useless. In fact it was shown that a simple energy 
on time model can in several cases give even better results.
The analysis was concluded with a visual description of the role 
of fuel prices in the energy market. If all variables are expressed 
in rates of change a negative relation between prices and consumption 
is discernible.
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CHAPTER TWO 
TIME SERIES ANALYSIS
From this Chapter onward econometric techniques are used exclu­
sively. The potentials of economic analysis have been greatly expanded 
ever since econometrics were introduced as a method of investigation. 
Econometrics most frequently draw upon the time series which have been 
compiled over the years and thus constitute the natural laboratory of 
the economist»
The fundamental concept that energy consumption approximates the 
demand for services of the energy using appliances is here discussed.
The energy/output relationship is further investigated and a simple 
static model is developed which is applied to time series data. In 
passing, the basic econometric assumptions are analysed with more 
emphasis given to identification.
2.1 The Determinants of Energy Demand
So long as we practice macroeconomics, aggregate relationships 
will always be of primary interest. The subject matter of macroeconomic 
investigation has been traditionally the empirical assessment of basic 
economic relationships such as production functions., consumption func­
tions, investment functions, and'so on. Total demand for fuels is 
another highly aggregate relationship and it is legitimate to classify 
it in the same category. In recent years, however, the perpetual 
expansion of statistical sources has enabled further disaggregation 
and the development of models containing several hundreds of equations 
is nothing new. A natural development of the model presented here is 
the breakdown of total demand into the demand for each individual fuel 
within the main energy sectors. The demand for solid fuels, natural 
gas, hydro and nuclear electricity, could then be. analysed in the context 
of the domestic, industrial, and the transportation sectors. Nevertheless, 
few would doubt that whatever the level of disaggregation we might even­
tually wish to make, simple aggregate functions are the logical starting 
point.
The demand for energy is a derived demand, the primary one being 
that for the energy consuming implements. This is a fundamental concept
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that ought to be emphasised from the very beginning because it governs 
the correct formulation of energy models. The derived demand concept 
was first stressed by Fisher and Kaysen (4) in the context of the demand 
for electricity and later used by Balestra (5) in relation to the demand 
for natural gas. Although initially applied to individual fuels it is 
legitimate to extend it to overall fuel consumption.
A large portion of household spending goes on durable goods, many 
of which can be included under the heading power-using appliances. Firms, 
on the other hand, buy machinery to be used in the production process. At 
any given point in time the existence of a stock of durables (henceforth 
whenever we use the term durables it will tacitly include all energy con­
suming implements) gives rise to fuel consumption. This means that energy 
demand is a complementary one and derives from the accumulation of such a 
stock.*
If the demand for individual fuels is a derived demand then we can 
assert that a technical relationship exists between demand for fuels and 
the stock of durables. In any time period only part of the entire stock 
is in use, either because some units are idle or operate below capacity. 
What percentage of utilisation is achieved depends, by and large, on the 
general state of economic activity and the level of fuel prices relative 
to the prices of the rest of goods and services. The above consideration 
can be put into mathematical shape in the form of an identity;
E = aS
where E = Fuel consumption, in some common 
units of measurement
S = The stock of the energy consuming 
implements ,
a — The rate of utilisation of S
Total demand for primary fuels then is determined by a short run 
factor, the rate of utilisation of the stock of durables, and a long
* Some fuels, mainly the so-called non-energy petroleum products, are used 
directly in production (Naphtha, bitumen and road oil, lubricating oil 
etc). This constitutes of course primary demand but in the present study 
these products are excluded, and hence all fuel consumption is regarded 
as derived demand.
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run factor, the level of the stock of durables. Proper development 
of a demand model ought to include both these factors. Nevertheless 
the construction of a stock variable is in most cases practically 
impossible, apart from the fact that,. even when data are available 
aggregation to arrive at the stock concept raises a number of serious 
objections. Fisher and Kaysen (4) evaluating their own stock variable 
assert "These estimates range in quality, in our opinion, from somewhere 
below the sublime to a bit above the ridiculous." At the moment we side­
step this difficulty by concentrating on the factors that determine the 
rate of utilization of stock and thus build an essentially short run 
model. Later on, when a pooling method is employed, the exclusion of 
the stock variable is to some extent remedied as we are able to sub­
divide the entire period into shorter ones and hence minimise the stock 
changes over time.
We can introduce another working tool into our analysis by considering 
demand for energy as a measure of the flow of services that the stock of 
durables yields. It has long been recognised by economists that what we 
call durables are special types of goods whose possession produces satis­
faction over a longer period of time than the consumption of most other • 
goods. To the consumer the purchase of durable goods constitutes capital 
expenditure. He basically requires the flow of services that they provide 
until eventually replaced. Although buying behaviour in the durables 
market depends on the price of the particular good, credit terms, interest 
rates, tastes, expectations, etc, the demand for the services of these 
goods is mainly a function of two factors, running cost, income for 
households and output for firms.-
A demand function of the sort just described involves a measurement 
difficulty because we have expressed the dependent variable as the flow of ser­
vices. This difficulty is no longer valid if we make the assumption that fuel 
consumption is directly analogous to the flow of these services. The working hy­
pothesis is then that aggregate energy demand is in essence a proxy for the de­
mand for services of the. durables stock. In line with what has been said so 
far the specification of a model for energy demand would be complete with 
only two independent variables, relative prices, and an activity indicator.
In subsequent analyses the GDP concept is considered as including the 
dual requirements of this indicator,-household's income and firm’s output.
2.2 Some Remarks on the Alternative Methods of Measuring Energy
Our basic assumptions up to now have been that energy, being a 
derived demand, is determined by the rate of utilisation and the level 
of the stock of durables and also that it does not relate to the demand 
for a commodity but to the demand for a service. The question that 
arises now is - which is the most appropriate way of measuring energy 
consumption? This is tantamount to the question of how one combines 
the four different fuels under one common denominator.
The methods proposed to convert the various fuels into one common 
unit of measurement can be broadly classified into three categories;
1) The traditional method of summing fuels into coal or oil equivalents 
according to their approximate calorific potentials, 2) Expressing total 
fuel consumption as the expenditure on all fuels. In other words using 
prices as the relevant conversion factors. 3) Aggregating fuels, taking 
into account both their calorific equivalents and their relative effi­
ciencies.
1) The method of aggregating primary fuels has been traditionally on 
the basis of the thermal content which can be obtained from them 
under ideal conditions. This usually implies, a conversion factor 
for each fuel with respect to coal or oil. This is then used to 
sum up all fuels to one aggregate energy figure. The recognition 
that such a concept is a limited and imperfect measure because, 
for example, it includes as consumption losses of energy in 
conversion, distribution, and consumption, has led to the following 
two alternative proposals:
2) Demand theory suggests that in the case of a group of commodities 
which are expressed in different quantity units aggregation should 
be done on the basis of monetary units. Turvey and Nobay (6) have 
criticised the traditional approach of coal equivalents and proposed, 
as an alternative, expenditure at constant prices. They argue that 
"The relevant conversion factors for different fuels are either their 
marginal rates of transformation in production or their marginal rate 
of substitution in consumption. Thus, when they are looked at in 
relation to other purchases, fuel inputs should be valued at marginal- 
cost to the consumer." One wonders .about the advantages of such
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method especially when, as the authors admit, average revenues per 
unit sold (which is the fo.rm in which data are usually available) 
will only under unlikely conditions coincide with marginal costs. 
Furthermore, since durables have a long time lag before they are 
replaced we cannot assume that fuel prices reflect their marginal 
rate of transformation in production or in the household. There 
is still the problem of choosing the right price figures. We know 
that prices vary from region to region due to distribution costs 
and restrictive practices. In oligopolistic markets although prices 
remain stable there is plenty of concealed competition through 
discounts.- In these situations it is difficult even to define what 
the relevant price level is. Even if this method has merit on 
theoretical grounds its validity is questioned on the empirical 
level. The authors are not convincing when they conclude "The 
main answer is simply that there is a presumption that they 
differ (price weights) less from relative marginal costs than do 
coal equivalent or thermal relativities."
3) The aggregation of the various fuels via their calorific equivalents 
has been criticised by two other authors for a different reason.
Adams and Miovic (7) point out the fact that fuels, have different 
efficiencies when they are used in alternative technologies. Thus, 
when we shift from less efficient fuels to more efficient ones the 
aggregate energy figure expressed in coal equivalents needs adjust­
ment. They advocate that "since the efficiency with which different 
fuels are utilised differs greatly a calorie of one fuel simply is 
not equrvalent to a calorie of another." The authors suggest that 
an appropriate measure of useful heat, is the level of output and 
introduce a method of obtaining efficiency factors through a pro­
duction model. These factors, in turn, can be used in order to 
adjust the existing statistics in coal equivalents.
The authors' approach has been criticised by Darmstadter (1, 
p39), who asserts "By analogy, one could argue that a measured 
decline in the capital-output ratio which stems from productivity- 
enhancing shifts - say, from plant to equipment - should be adjusted 
for efficiency changes, even though, misleadingly, this might leave 
the capital-output ratio unchanged." In our view, the authors rightly
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bring up the question of efficiency, but this should be treated 
as a part of many intermingled structural shifts and not in iso­
lation. Their methodology, however, if applied, can be subject 
to serious statistical discrepancies* because their starting 
point is an misspecified production function.
2.3 The Energy Output Relationship - A Structural Problem
The essential point to grasp is that if we formulate a model 
where energy is a function of output the elasticity derived will be 
in turn a function of time. In other words the output elasticity 
of energy will move over time and this can be attributed, in the 
main, to the following reasons;
1) If some fuels are used more efficiently than others (for instance, 
due to differences in -the efficiencies of energy consuming equipment), 
there may well be a shift from less efficiently used fuels to more 
efficient ones. In such a case energy consumption per unit of output 
will be reduced. That is, the primary fuel.input required by con­
sumers to achieve a given amount of "useful heat" will fall.
2) Technological progress is responsible for the perpetual introduction 
of more efficient (energy saving) equipment for all fuels. Under 
these conditions we would have a reduction of energy use per unit
of output.
3) Ceteris paribus substitution of capital for labour or of labour for 
capital will result in a change of the energy requirements per unit 
of output. Thus an increase of the capital stock .resulting in a 
reduction of the number of people employed might bring about an 
increase of the energy content -for every unit of output.
4) As economies grow and the shares of the industrial, agricultural 
and service sectors change, energy consumption per unit of output 
may vary, other things being equal, due to the fact that some 
sectors are more energy intensive than others.
5) Similarly changes in the industrial mix of an economy may cilter 
its aggregate energy intensity. Thus a shift towards more energy
* . See Appendix A
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intensive industries (such as iron and steel, cement, aluminium, 
petrochemical etc) would result in an increase in energy consumption 
per unit of output.
6) A preference for secondary electricity at the expense of other fuels
would tend to increase energy consumption per unit of output because
of the relatively low efficiency of conversion of primary fuels to 
electricity.
7) Save energy campaigns. It is well known that considerable energy 
can be saved without serious cuts in output and services (better 
insulation, restriction of unnecessary transport etc). In such a 
case we would again have reduction in energy consumption per unit 
of output.
Thus there are a number of factors which are likely to cause the
elasticity of energy consumption w.r.t. output to vary over time and
to differ from unity at any point in time. Unfortunately, though we 
can see the likely direction of effect of some of these factors, in 
other cases it is less clear and we cannot be at all sure what the 
direction of their combined effect will be. Factors 1, 2 and 7 will 
tend to be "energy-saving", factor 6 has in -the past tended to in­
crease energy consumption per unit of outpujt*, and factors 3, 4 and 
5 might affect the elasticity either way depending on how the economic 
structure changes. Furthermore, any of the factors we have listed 
might not be changing autonomously but because of underlying price 
changes. For example, a rise in energy prices relative to other 
prices might lead to a shift to more efficiently used fuels (factor 1), 
generally greater fuel efficiency (2), a less energy-intensive economy 
(3, 4 and 5) relatively less use of electricity (6) and save energy 
campaigns (7). For this reason, though we cannot readily identify 
the effects of all the factors listed we must expect price to be a 
most important variable in our analysis of the determinants of fuel 
demand.
* In assessing the movements of the energy coefficient in the U.S.A.,
Just (8) concludes that one of the reasons for its increase over the 
last years is the increase in electricity usage "The results indicate 
that the technology of energy use efficiency has not been improving as 
rapid as in the past and by 1980 technology will actually result in in­
creased energy use caused by greater electricity and natural gas con­
sumption."
If all these factors and the price of energy were to be held 
constant we would expect the energy elasticity to approach one. Let 
us make an abstraction from reality and assume a case where we have only 
one industry which uses only one fuel (or alternatively that all fuels 
are perfectly substitutable), its structure and technology remain un­
changed and that there are no disturbances from price changes or save 
energy campaigns. In such a situation a one per cent increase in output 
would require a one per cent increase in fuel input.* . What occurs in 
practice is an oscillation over time of the elasticity of energy around 
the one mark. Thus deviations of the computed energy elasticity from 
unity would constitute a measure of the collective influence of all the 
factors listed above.
Had we had measures for these factors we would have incorporated 
them into the demand model as independent variables and proceeded to 
estimation in this way. Unfortunately, as this is not feasible, we 
have used the traditional coal equivalent measure of total energy 
consumption despite all its limitations. Our intention is to see whether 
one can formulate a model based on this widely used measure which will 
stand up to empirical testing. After all as long as people base their 
decision-making on the coal equivalent concept, we are on the right 
lines. A similar situation arises with most indices. Take for example 
the consumer price index as a measure of the cost of living. Although 
widely criticised, governments still take it that it represents the 
rate of inflation and base pay policies, development plans etc. on that 
imperfect measure.
2.4 Identifying the Energy Demand Model
If any econometric model is to be valid a number of assumptions 
should be firstly fulfilled. Among these assumptions the most crucial 
and intricate one is that of identification. Failure to satisfy this 
assumption often leads to estimating pseudorelationships. It is quite, 
important then to analyse the underpinnings of identification in relation 
to energy demand.
* In other words if every factor .remains constant and the industry 
utilises its capital stock, , on the. average, at a constant rate we 
expect the energy demand model to be homogeneous of degree one in 
the output level.
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The construction of demand models has become an important tool 
for the analysis of various markets and for related problems of policy.
In these models the central question is that of identiflability of the 
structural parameters which, in turn, is linked with the correct design 
of the model. The inception of the identification problem, is found in 
the root of economic thought, the theory of supply and demand. Quantities 
and prices observed in the market are equilibrium points which are simul­
taneously determined by the interaction of the forces of -supply and demand. 
This implies that we can never be certain that the quantities and prices 
we have at our disposal belong either to the supply or to the demand curve 
as they simply belong to both. Consequently, before we can have assurance 
that we are identifying the function we wish, a number of restrictions 
about other variables and relationships have to be made. What all these . 
mean is, that the solution of identification lies in the correct a priori 
specification of the model in terms of variables and equations. This, in 
turn, leads to special methods of estimating the structural parameters.
Identification and the simultaneity bias resulting from it, has 
been an outstanding question in economics literature for some time. In 
a very early paper Pigou (9) is confronted with it in trying to derive 
the numerical values of demand elasticities. Later on the problem is 
taken on by Working (lO) who observes that if one of the demand or 
supply curves shifts systematically, the other remaining stable, then, 
the intersections will identify the curve which does not shift. By 
many econometricians Haavelmo's article (11) on the "Statistical Im­
plications of a System of Simultaneous Equations" constitutes a 
pioneering work towards putting identification on a systematic frame­
work. Klein (12) , for example remarks "1 would claim that the full 
power of that novel idea has withstood the test of time but only in 
recent years has borne its greatest fruits." Important contributions 
have also been made by Schulte (13), Frisch (14,15), Marschak (16) and 
Koopmans (17). Lastly, extensive work has been undergone by the Cowles 
Commission of Research in Economics in order to formalise the treatment 
of this subject.
The solution of identification has been approached by both the 
single equation and the equation system models. In the latter case 
when we enlarge a model by introducing additionaly equations we
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undoubtedly express economic reality more fully. After all, given 
the nature of economics it is expected that some degree of dependence 
exists among all economic magnitudes. Identification of the structural 
parameters is then achieved as the number of exogenous factors is 
increased. To put the matter more formally, in a model consisting of 
a number of linear equations a particular equation is identified, if, 
there is no possible way of deriving another one, by linear combination 
of some or all of the equations in the system which would have exactly 
the same variables as the equation in question. The appropriate esti­
mation procedure for equation systems is the two stage least squares 
and the limited information maximum likelihood method which take on 
estimation each equation at a time. There are, however, some more 
powerful techniques which take the whole system at the same time and 
utilise information from the intercorrelation of the error terms between 
equations. These are, the three stage least squares and the full in­
formation maximum likelihood methods.
The choice of the equations system approach as a way of solving 
identification should be weighted against the costs and benefits that 
the estimation methods involve. The increase in the computational 
burden and of the time needed to collect a large■amount of data is 
quite often matched by only marginal differences in comparison to the 
single equation least squares estimation. Hence, there are grounds 
to argue that it matters very little which method is used and in such 
a case the simpler one should be preferred. On the other hand a 
number of marginal differences can ultimately have major implications. 
This is especially true when models involving distributed lag schemes 
are used for forecasting purposes. In these cases last periods pre- 
dictions are used in order to predict the current period value of the 
dependent variable. Therefore if the parameter of the lagged dependent 
variable has even a slight bias due to simultaneity 'this will accumulate 
from period tc period and the final predictions will be badly biased.
The debate can be carried into other examples in more detail but it is 
doubtful whether concrete conclusions could be drawn. In the final 
analysis the debate by and large boils down to how much time and money 
one can afford to spend for relatively meagre benefits.
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Nevertheless, under certain conditions the single equation approach 
is conclusively preferred to the equations system. Such situations arise 
when the theoretical and institutional nature of the relationship under 
investigation is subject to a number of constraints. In many cases the 
price of a commodity, from 'the point of view of the consumer, might be 
thought of as totally exogenous. If this is so, the qunatities sold 
represent the demand side. Most public utilities fall into this cate­
gory. For instance, the number of telephone calls made in one area can 
rightly be taken to express demand behaviour because callers are at 
liberty to make as many as they wish at the ruling price. In these 
situations the production capacity has usually been developed to a 
sufficient level so as to meet the maximum possible demand requirements 
at a given time. The consumer then faces both an infinitely elastic 
supply curve and an exogenously give price about which there is little 
he can do. In these cases price and quantity are no longer interdependent 
in a simultaneous interaction of supply and demand. The estimation of 
the demand curve then can be legitimately performed within a one equation 
model.
The single equation approach is also legitimate when one of the two 
curves is perpetually shifting while the other remains, relatively fixed.
In such a case the one that moves more traces the shape of the relatively 
stable one. A current example is that of the calculators market. We 
have been accustomed recently to seeing a stream of new brands pumped 
into the market at short intervals. This can be taken to represent 
continuous shifts of the supply curve. On the other hand, demand could 
not have been growing at the same pace; something that partially explains 
why prices are declining in this market. In such a situation the researcher 
can make the convenient assumption that the continuous shifts of the supply 
curve trace the shape of the demand curve and hence the use of one equation 
is legitimate. In practice there are very few cases where one of the two 
curves could be considered fixed while the other is changing position or 
shape. The usual phenomenon is a continuous instability of both. What 
matters then is which one of the two is relatively more stable and hence 
more easily identifiable. One is compelled to recognise that in almost 
all cases parameters derived from supply or demand relationships are 
mongrels of both curves, which is tantamount to saying that model
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specification is almost never complete. If this is a fact of life 
it is necessary to make some compromises; accept that there is always 
going to be some degree of simultaneity bias and at the same time try 
to minimise it by some suitable estimation method.■
The cases discussed so far have a bearing on the energy market.
Here the typical consumer knows that, at least in the short run, there 
is a price for electricity, gas, oil, etc., at which he can demand these 
fuels with almost no limitation.* virtually all fuel prices are "admini­
stered'* by companies and monopoly powers (such as OPEC) or controlled by 
Governments. Public authorities are usually in charge of building up 
the capacity and stocks necessary to meet anticipated fuel demand, while 
at the same time monitor fuel prices according to the overall economic 
policy. The practice in Western Europe has been to tax imported fuels, 
chiefly oil, and subsidise the indegenously produced fuels, chiefly 
coal. Thus, fuel prices in the short run are not determined in freely 
functioning markets though they are subject to supply and demand influ­
ences in the longer term. A number of various independent bodies helps 
to form prices which can be viewed as exogenous to the consumer.
Turning to the supply side, we see that although fuel prices have 
in general remained constant or declined in real terms (1955-70 period), 
fuel supplies have been expanding all the time, thus causing continuous 
shifts to the supply curve. Past experience has shown that fuel reserves 
are always more than they have been previously proved to be. Sudden 
discoveries, such as the natural gas deposits in Netherlands and the 
North Sea oil and gas cause the supply curve to shift to the right. 
Moreover, the supply of energy does not only depend on the proved or 
likely reserves of the conventional fuels. The introduction of new forms 
of energy, the invention of more efficient technologies of using energy 
as well as "expectations" that technological progress can expand energy 
potentials in the future,help to make supply more variable at a given 
price. Consequently, if we assume that the demand for energy is less 
variable than the supply for it, mainly because demand is tied up with 
the energy consuming durables, purchases of which,do not vary much in
* Since our estimation period is from 1955 to 1970 the oil restrictions 
which appeared from 1973 onward do not invalidate this assumption.
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the short run, then the continuous shifts of the supply curve would 
identify the demand curve and the one equation model is an adequate 
approach.
The functional form of most models is a matter of experimentation 
with various mathematical laws. We have'found that among the forms 
tried, linear in absolute values, semi logarithmic, double logarithmic, 
the last produced the most reasonable results according to the conven­
tional economic, econometric and statistical criteria. We postulate 
then the following model; to be applied to Netherlands, Italy, France, 
Denmark, F.R. Germany, Belgium/Luxembourg and U.K.
E = AY.blp^b2T b3e t t t t t
where E = the total amount of energy consumption in lO3 metric tons
coal equivalents (see Appendix D for data used and sources).
Y = GDP at constant 1963 prices. GDP was expressed in real 
terms by dividing its current value through with the 
implicit GDP deflator.
P = Energy price index relative to the general price level.
In order to construct this index fuel prices were 
initially expressed per quantities of equivalent calorific 
value. On the average 1 ton of oil, 1.4 tons of coal and- 
10 G cal of natural gas yield an equivalent amount of 
calories (for the specific conversion factors used for 
each country see data appendix). Therefore the prices 
of the different fuels used refer to these quantities.
Oil, coal and natural gas* prices for the domestic 
sector and motor gasoline for the transportation sector 
were expressed in real terms by deflation with the consumer 
price index. The prices of oil, coal and natural gas for 
the industrial sector were deflated by the wholesale price 
index. Once all fuel prices were expressed in real terms
* Natural gas prices refer to the main users only, ie. Italy, 
Netherlands, U.K.
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the next step was to combine the prices of the different 
sectors. A weighted average price for each fuel was 
constructed by using the consumption share of each fuel 
in each sector as weight. The last step was to combine 
all fuels into one energy price index. This was again 
constructed as a weighted average and the weights were 
the consumption shares of oil, coal and natural gas to 
total energy consumption. By so doing the energy price 
index was expressed in money terms and not in percentage 
terms. The implications of this will be understood in the 
pooled model.
The constructed index was based on B'isher's ideal 
principle for the following reasons. The Paasche formula 
requires that every period's consumption quantities are 
used as weights. Thus, the changing consumer preferences 
are supposed to be captured. Although this is conceptually 
appealing, in econometric applications this formula will 
create an identification problem. As the weights alter­
nate from period to period, the consumption pattern over 
time of the dependent variable is imposed on the indepen­
dent one, price. Take for instance a case where energy 
consumption is consisted of two fuels coal and oil and 
that the independent variable is a weighted price index 
according to Paasche formula. If in one particular 
period oil consumption increases while coal consumption 
and fuel prices remain constant, then the index will show 
a change in prices although it should not. This is because 
the weight of theoil price will also have changed. Thus, 
a two way causation between price and quantity is created.
One way out is to use constant•weights instead of 
changing weights as the Laspeyres formula assumes. This, 
however, implies that preferences do not change over time.
In the period studied interfuel substitutions were great 
enough to indicate a drastic change of consumer preferences. 
A compromise between the Paasche formula, which creates an 
identification problem, and the Laspeyres formula, which
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does not take into account the changing preferences in 
the energy market, is an average, (geometric) of the two. 
This is the reason that Fisher’s formula has been used.
Another question which is frequently posed in relation 
to the most proper price concept to use in the marginal 
versus average price figures. The problem is that marginal 
price data do not exist and only average prices are quoted 
in published statistics. Nevertheless, Halversen* has 
proved that even if average prices are used in lieu of 
marginal prices the computed elasticities are unaffected.
* R. Halvorsen, "Residential Demand for Electric Energy", Review of 
Economics and Statistics, February 1975.
Starting from the following identity between average and
marginal price
P Q = a
rq=Q
P dQ (1)mq=0
where P = average price, Q = quantity, P = marginal price, a m
If the price equation is
, i=m ,
P = AQ n Z.1 v (2)a . . ix=l
where Z = a vector of exogenous variables.
Substituting the value of P from (2) to (1) differentiating
cl
and solving for P^ we get
P = ~  P (3)a 1+b m
If the demand equation is specified as
i~n k0 = BPC n W.1 e (4)a . . i 1=1
where W = a vector of exogenous variables
Substituting (3) and (4) we get the demand equation in terms
of marginal price •i=n
Q = B(-rft-)C PC n W.i e * 1+b m . - ii=l
Consequently, the use of average price instead of marginal price leaves 
the demand elasticities unaffected and only the constant term is multi­
plied by (l/l+b)C.
A
= Average annual temperature of the main cities in each 
country. The way energy figures are usually corrected 
for temperature is essentially an arbitrary one. Hence 
a temperature variables was explicitly introduced. One 
expects a negative assocaition between temperature and 
energy consumption because as temperature decreases there 
is an increasing demand for space heating, though during 
the warmer months we usually observe an increase in pas­
senger transport as well as an increase in the demand for 
air conditioning. Since the latter effects imply a posi­
tive association between energy consumption and temperature 
we have chosen to use annual averages instead of winter 
months averages.
= An error term satisfying the usual stochastic assumptions.
This model is to be understood as derived from the aggregation of 
two units, each one expressing a different aconomic behaviour. The one 
is the consumer, who is assumed to try to maximise his utility function 
subject to his budget constraint. The other is the firm, which endeavours 
to maximise profit or whatever other objective it has, subject to the 
cost of -inputs. With these considerations in mind we proceed to the 
empirical estimation of the demand for energy function.
2.5 The Application of the Model to Time Series
Application of the model to the sixteen yearly observations (1955-70) 
yields the following results.
In the first stage (Table VIII) the model is partially developed.
Energy is taken to be a function of GDP and temperature. This has been 
the customary approach in the past except that temperature's effect was 
usually removed via a prior correction procedure. The view maintained 
here is that it is more proper to quantify and test statistically the 
effect of temperature rather than remove it by some "obscure" method.
On the average the temperature elasticity lies in the -0.35 neighbour­
hood and in all cases the standard errors are smaller than the elasticities. 
Italy's elasticity seems somehow bigger than the rest partially because, 
one might argue, people in warmer countries are less cold resistent than 
people in colder countries and hence they demand more heating during the
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Although temperature effects are fairly simple to interpret the 
GDP elasticity, as previously argued, is more complicated in its 
interpretation. On a priori grounds we expect it to vary from period 
to period due to the factors already discussed. Nevertheless one con­
clusion is quite clear: mature countries like Germany, U.K., B/L and 
France have a lower elasticity than countries like Italy, Netherlands* 
and Denmark which have concentrated on rapid industrialisation in the 
recent past. This most probably is the reason that the latter have 
an elasticity over one. No matter what the interpretation of GDP 
elasticity is (income effect or the amalgamation of the various other 
effects) it ought to be the most prominent one in the model. This 
indeed is manifested in both the size of its elasticity and the statis­
tical significance of it.
In some countries the D.W. statistic depicts positive autocorrelation,.
whereas in others it is inconclusive. We will deal with this problem when
2the model is fully developed. Lastly, we see that all R 1s are very high
indicating that the model is apparently already "full up", though of course 
2the size of R is not on its own a particularly useful indicator.
In Table IX the effect of population is investigated by expressing 
both energy and GDP on a per capita basis. We are now dealing with the 
average person of each country when he is confronted with increasing 
incomes and varying temperature levels. It is almost impossible to 
investigate the population effect separately because of the very strong ' 
multicollinearity that exists between income and population. Thus the 
division of both energy and income by population is the necessary pro­
cedure. This, however, is not acheived without cost. As Kuh and Meyer 
(18) have shown when the homoscedasticity assumption is met in the original 
model (which is usually the case in time series data) the use of ratios 
would lead to heteroscedasticity since the true error term, just like 
the included variables, is transformed by the division. In this situ­
ation, least squares would not lead to the most efficient unbiased
cold months.
* It could be argued that the high Netherlands income elasticity is parti­
ally due to the large natural gas supplies that the Dutch had during the 
latter part of the investigation period.
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(E/N) = A (Y/N) blTb3e t t t
TABLE IX
INCOME 
CONST. ELAST,
TEMPER. 
F I. A S T .
R
SQUARE D.W.
ITALY -2.64251 1.6831 
(26.3)
“ 0.6064 
(1 .29)
0.9826 1.16
N F T H / D S -0.42877 1 , 2.793 
(14.9)
-0.2725 
(1.39)
0.9448 1 .85
FRANCE 3.11890 0. 74 4 3 . 
(15.7)
-0.3038 
(1.68)
0.9511 1.11
DENMARK “1.57214 1.4434 
(24,9)
-0.4751
(4.24)
0 , 9 81 6 1 o 31
F . R . G E R . 4.58828 0 . 5757 
(11.1)
-0.2521
(1.79)
0.9057 1 .! 1
BEL/LUX . 4„19950 0. 684 4 
(11 .1 )
-0 . 3A 59 
(2.32)
0.9077 1 .27
U.K. 7.40255 0.2455 
(4.39)
-0.3036 
(2.42)
0,6798 .1 . 2 9
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estimates. However, as Prais and Houthakker (19, pp48-50) have noted
taking logarithms of both sides of the equation will make the error
term additive and of approximately constant variance.* We observe that
2as a result of the introduction of population all R 's decline slightly 
as well as elasticities and t values. It seems that this effect is . 
detrimental rather than beneficial for the model. The use of per capita 
figures raises a number of further difficulties. In the first place it 
is not strictly correct to give all persons equal weight, irrespective 
of age and sex; as is well known in principle one should use a different 
scale of weights for each person. Secondly because of the aggregate 
nature of the model both the industrial and the domestic sectors are 
treated together. In the domestic sector the use of population is 
justified but in the industrial sector, since the starting point is the 
firm, the population variable should not enter the relationship at all. 
We can also argue that when population increases the overall potential 
of the economy increases, leading eventually to. higher aggregate income 
levels. Even if income per head does not increase an increase in popu­
lation sooner or later may lead to an increase in aggregate income which 
will increase the consumption of fuels. If this is the case aggregate 
income is the appropriate variable to use and not per capita income.
With these points in mind and given 'the fact that the model performs 
worse when expressed in per capita figures, we disregard the population 
effect in subsequent analysis.
The full development of the model is achieved (Table X) when the 
price variable is also included. The striking fact is that although 
we are claiming to have identified.a demand curve the price coefficient 
in four cases turns out to be positive. Under the ceteris paribus 
clause the direction of causation between price and energy can be ex­
pressed by the simple correlation coefficient of the two.
* If we have a model of the form Y = f(x) + e where e is homoscedastic. 
The division of both Y and X by the same number creates an interrela­
tionship between X and e, hence: Y = f (X) -I- e f (X) and the error term 
becomes heteroscedastic since it is a function of X. This last expres 
sion can be rewritten as: Y = f (X) (1-l-e) . If we take logs of both side 
we get: log Y ~ log f(X) + log(l+e) in which e is independent of X and 
the homoscedasticity assumption is restored.
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Country Simple correlation coefficient between energy and price
Italy
Netherlands
France
Denmark
F.R. Germany
Belgium/Luxembourg
U.K.
-0.96
-0.96
-0.62
-0.94
-0.50
-0.64
0.73
However, although the correlation between price and energy is 
negative this does not imply that in the context of an econometric
model the relationship will remain negative. It might well be the
case that after the income and temperature effects have been removed 
from energy the variation left for price to explain amounts to a 
positive effect. This is especially true if we look at the degree of 
collinearity that exists between GDP and price. Given the nature of 
economic relationships a dependence between variables is always to be 
expected. In fact multicollinearity is a problem of degree and not 
of kind. This is the reason that we do not have a formal test for it
but simply measure its intensity. If there is a causal reason that
makes a number of independent variables collinear, then multicollinearity 
resembles identification. The solution then lies in introducing some 
extra equations into the model so as to specify the line of causation 
properly. In our case, which is the most frequently occurring in 
practice, multicollinearity is accidental, since it is due to the common 
trend that most economic magnitudes possess. The trend of fuel prices 
in most countries has been a fairly smooth decline in real terms. Thus, 
any quantitative analysis based on time series data would be unable to 
disentangle the price effect from the income effect. How much of the 
increase in energy consumption can be attributed to the smooth decline 
of fuel prices while we have a simultaneous steady increase in income? 
Econometric techniques are unable to discern meaningful results in these 
cases.
An idea of the degree of multicollinearity between GDP and price 
can be had by simply observing the simple correlation coefficient of 
these two variables, This clearly shows their intensity of correlation
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over time. Another indicator is the R change when the price vari­
able is incerted into the model. If the change is small it means 
that the price effect is already represented by some of the existing 
variables and its insertion adds nothing extra to the explained part 
of the model. Both criteria in combination indicate that there is a 
strong collinearity between GDP and the fuel price index. This is
especially evident in the second criterion. The incremental change 
2of R as price is included in the model is small enough to conclude 
that the price effect has been already "swallowed up" by the predomi­
nant income effect.
Country Corr. Coeff. GDP/Price
R2
Change
Italy i O CO ft 0.0055
Netherlands -0.92 0.0022
France ■rtC'-o’I 0.0013
Denmark -0.97 0.0038
F .R . Germany -0.63 0.0063
Be Igium/Luxernbourg - 0 .66 0.0002
U.K. 0 .8 8 0.0071
An attempt to reduce collinearity was made by expressing the 
relationship in changes instead of levels. If multicollinearity 
is the result of a common trend in two independent variables then, 
the respecification of the model involving the rate of change of 
variables instead of their levels, should reduce collinearity among 
them. This method is also employed in order to reduce the amount 
of autocorrelation in the residuals. Thus, its use hopefully cures 
both multicollinearity and autocorrelation atonego. Unfortunately 
this simple transformation has been criticised by many econometricians 
(see for example Kmenta 20, pp298-92)'.
If correction for autocorrelation is our objective then by talcing 
differences we tacitely assume that the autocorrelation coefficient is 
equal to unity. This is implausible on statistical grounds because 
although its 1 ? ting value is unity it should never reach it. On 
economic grounds the assumption that the autocorrelation coefficient 
takes 'the extreme value 1 means that a random factor, which does not
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appear in the equation as an independent variable (for example fashion 
movements), will affect the dependent variable with the same intensity 
in every successive period1 If however we make the more plausible 
assumption of a coefficient with a value less than unity then, the 
initial effect due to changes in fashion will be strongest in the first 
period and will die out in successive periods in a declining pattern.
On a priori reasoning this latter assumption is more realistic.
If our objective is to cure multicollinearity then the first
difference transformation introduces autocorrelation by specification, 
provided the original disturbances were not serially correlated; This 
can easily be shown for the simple one explanatory variable model;
If Y. = a + bx^ + e^t t t
then Y _ = a + bx^ . + e. .t-1 t-1 t-1
and the first difference transformation implies a specification of the ■ 
form;
Yt " Yt-1 = b(Xt”Xt-l) + (et“et-l)
Clearly the disturbance term of the model expressed in changes has been 
transformed also to have a negative first order autocorrelation of the 
extreme case where the autocorrelation coefficient is equal to -1.
Taking these reservations into account the results of Table XI were 
to be expected. The first difference transformation (which when applied 
in logs means that in the original specification each variable is a ratio 
of its lagged value) fails also to disentangle the price effect. The final 
attempt to improve the performance of the energy demand model, when applied 
to time series data, is reported in the following section. The usual 
assumption is made that serial correlation is an integral part of most time 
series based models. When the data refer to yearl.y intervals the most 
plausible assumption to make is, that the residuals follow a first order 
Markov scheme. This means that the error terra consists of two parts, 
one which systematically depends on e ^ and is explained by the auto­
correlation coefficient p, and a remainder term, which is truly random 
and fulfills the basic stochastic assumptions.
E = AYblpb2Tb 3e t t t t t
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t a b l e  X ii
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2.6 Respecifying the Model Assuming Autocorrelated Errors
One of the basic OLS assumtions, expressing the randomness of the 
error term, is the so called nonautoregression assumption, ie. E(e e .) = 0 
for all i / j . This implies that we expect no association whatsoever be­
tween successive error values. It so happens, however, that some factors 
which are not allowed for explicityly inthe model, such as business cycles, 
habits, fashion, strikes, etc. are captured by the error term which appears 
in turn to have a systematic component. Our task then amounts to esti­
mating this systematic component and by a suitable transformation remove 
it from the model structure. This is tantamount to saying that we reform 
our model in such a way so as to impose an independence on the successive 
values of the error term. The procedure adopted is a generalisation of 
the least squares technique termed, generalised least squares (GLS). In 
essence this method boils down to deriving a numerical estimate of this 
systematic component from the residuals (ie. an estimate of the auto­
correlation coefficient p) transforming the original data via this 
estimate and appling OLS again. It should be emphasised that such trans­
formation is legitimate if and only if a model is correctly specified.
This means that both the correct mathematical law has been applied and all
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When autocorrelation exists the desired properties pass over 
to the GLS or Aitken's estimators. The OLS estimates although statis­
tically unbiased are econometrically incorrect and less efficient than 
the estimates obtained from the application of the GLS method.
After implimenting the autocorrelation assumption into our model 
we get the results reported in Table XII. In the cases where price 
turned out to be positive or statistically insignificant it was rejected 
and the model was considered as complete with the inclusion of only in­
come and temperature. This procedure is adopted since there is no way 
of estimating a price effect from the available time series data.
The autocorrelation coefficient p was found by a search procedure 
suggested by Sargan (21)* on lines led down by the Cochrane-Orcutt 
iterative method (22). It can also be proved that the adopted procedure 
yields the desired maximum likelihood elasticity estimates. Hence the 
model specification, wherever first order autocorrelation was assumed, 
takes the form;
AnE -pAnE. . = a(l-p)+b_(AnY ■-p£nY )+b.(£nT -pfcnT ,)+v.t t —i i t  t - 1  o t  t - 1  t  *
The income elasticities are not changed significantly. The tempera­
ture elasticities in most cases drop slightly but on the average they 
are in the -0.25 area. Italy again is an exception. An evaluation of 
the time series model with and without the autocorrelation assumption 
is made later on when the forecasting ability of all models is compared.
2.7 Concluding Remarks
The analysis so far has produced some apparently meaningful results 
in relation to income and temperature but we were not able to unscramble 
any significant price effect. It appears that the level of economic acti­
vity is the predominant variable explaining the variations of energy
* A very good reference for the methodology followed here is D. F. Hendry . 
"The Estimation of Economic Models with Autoregressive Errors", unpub­
lished Ph.D. Thesis, London University.
the pertinent variables have been included.
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consumption over time. Moreover we cannot expect income’s elasticity 
to be stable in different periods. The energy/GDP causation is bcisically 
an input output relationship. Energy is the input which is complemented 
with the rest of the factors of production in order to produce the output 
of the economy, GDP. Thus, the GDP elasticity depends on the structure 
of the economy and the conditions in the energy market. As argued 
previously, there are at least seven factors which are responsible for 
changing this structure and hence the value of the elasticity over time.•
The temperature effect is significant and in the neighbourhood of 
-0.30. There would be no economic meaning in specifying time periods 
for temperature. Its effect is purely random and the reaction of con­
sumers should always be the same in both the short and the long run.
On a priori considerations we would expect the price elasticity 
of energy to be inelastic in both the short and long run. This is 
because if we assume that all fuels constitute one entity, energy, 
then there are no close substitutes for it. Nevertheless persistent 
price increases in the short run will induce energy conservation, which 
in the long run- will most likely lead to structural changes in the eco­
nomy. Furthermore, technological inovations will be geared towards in­
troducing energy saving equipment and the exploration of other possible 
energy forms. In other words the immediate reaction to price increases 
should be a small reduction in consumption which would become somehow- 
greater in the longer term.
The trouble with time series data is that variables are not 
"allowed" to vary significantly over the usually small sample period. 
Quite frequenctly their true variation is obscured by the predominant 
•trend of economic growth that most time series depict. As a result 
most economic magnitudes appear to be multicoll-inear. In the case of 
the EEC energy markets the already expected small price effect is "lost" 
under the collinearity between income and fuel prices. This suggests 
that we should tackle the energy function from a different point of view. 
If prices have not varied significantly within countries they might have 
varied between countries. This implies that an area such as the EEC 
group of countries, can be considered as one country with a number of 
provinces each one experiencing a different price level. Thus, our 
interest in the preceding chapters, is shifted from the variation of 
prices in time, to their variation between cross-sections.
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POOLING CROSS SECTION AND TIME SERIES DATA
Research workers have often sought the solution to their econometric 
problems by using different data bases. On the one hand, collinearity 
between independent variables in time series often impairs the validity 
of estimated coefficients. Since this is a characteristic of the sample 
and not of the population a recommended course of action is to enlarge 
the size of the sample. On the other hand however, the sample size 
cannot be expanded at will, because in most cases we would have used, 
right from the beginning, all the observations we could get. So, the 
researcher often finds himself in a deadlock, Pure cross-sections 
(ie. data collected in a specific time period) do not always render 
themselves as being a good alternative, because as argued below, the 
behaviour they imply is of doubtful validity in time series applications.
Research efforts have naturally been directed towards combining 
parameters which have been estimated in different samples or are given 
extraneously. In this way multicollinearity is reduced or eliminated. 
However, certain disadvantages of this method have led more recently, 
to the development of a more efficient approach: the pooling of time 
series data from several cross-sections. The advantages gained from 
applying this methodology are mainly twofold. Firstly, we are dealing 
with large samples which enjoy all the desirable asymptotic properties. 
Secondly, due to the variation between cross-section units multicollinearity 
becomes minimal.
A discussion of the theoretical underpinnings of pooling time series 
and cross-sections, is followed by a survey of the different models which 
have been proposed up to now. Application of these to the energy market 
enables us to choose the most suitable one to employ in subsequent analysis.
3.1 Cross-section Models
In many cases econometric models are based on cross-section data 
which are usually related to a specific time period. Thus, in cross- 
sections the time element is held constant and we observe economic be­
haviour across units. Perhaps the earliest empirical results in economics 
have been computed from data collected in cross-section surveys. One of
CHAPTER THREE
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the first demand functions estimated by Engel (23) and relating to 
income and expenditure on food (the well known Engel's law), was 
based on data concerning the budgets of two hundred Belgian labourers.
These, in turn, were collected by Ducpetiaux.
The assumption underlying cross-sectional behaviour is that all 
units are homogeneous and that they will continue to be so in future 
periods. Let us take the simple consumption function as an example.
The homogeneity assumption means that, when consumer A in a future 
time period assumes the same income as B then he will also inherit the 
same consumption pattern as B. The validity of this assumption is ques­
tionable because we know that the further we project our assumptions 
about economic behaviour in the future the more likely we are to be 
wrong. An attempt to amplify the severity of this assumption is to try 
to use a larger number of observations. This,. however, is not enough.
Since the structure of the economy is gradually changing we also need 
to account for it by introducing a larger number of variables (those 
which are possible to quantify). As Klein notes (24, p350) "There is 
a general feeling that attempts to get homogeneity are even more urgent 
in cross-section studies;- therefore, we may be faced with the necessity 
of using more variables in such studies than in more familiar time series 
studies."
In most cases, the ultimate reason we build models is to use them 
for forecasting. However, elasticities obtained from cross-sectional 
behaviour are of not easily specified time dimensions. We do not know 
how long it will take before unit A reaches the position of unit B.
What we can reasonably assume is, depending on the cross-section inter­
vals, that this is a gradual process not likely to happen in the short 
run. Hence, we must take it that these elasticities will apply in 
"some" long run period. Apart from anything else then, there is an 
extra reason to expect that our predictions could be biased since the 
elasticities used might not refer to the forecasted period. In general, 
one should be sceptical before using results obtained from cross-sections 
in a time series sense. The multitude of factors which affect economic 
relationships, at a given time period, cannot be assumed to be qualitatively 
or quantitatively the same as those affecting them over time. In a funda­
mental paper Kuh (25) investigating this point asserts:
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"It is, further more, highly unlikely that the biases 
which influenced the cross-section estimates can be 
qualitatively or quantitatively of the same sort that 
affect the time series estimates. Because, in any 
realistic situation, estimating equations typically 
will be incorrectly specified, certain time biases 
will do no damage if the underlying structure does not 
change and they therefore ought to be preserved. We 
are almost certain to be mislead if the incorrectly 
specified cross-section estimates with their particular, 
and often irrelevant biases, are utilized in a time se­
ries context."
Consequently although sample size is not a problem, models de­
rived from cross-section data will, in general, require extra difficulties 
in specification and also, if used for predictions over time it is likely 
that they will produce misleading results. Of course this does not mean 
to say that their use should be precluded. It.is-merely intended to 
pinpoint the areas where one shoihd be more careful when using pure cross- 
sections ,
3.2 Time Series Models
Historically the utilisation of time series in econometrics must 
have come at a later stage than cross-sections. As statistical Bureaux 
were established in the various countries the compilation of time series 
was made possible. In recent times, the bulk of empirical work is car­
ried on with time series data, which are generally considered ‘to be, 
more reliable than cross-sections for estimation and prediction.
The collection of twenty or twenty five annual observations is' 
sometimes looked upon as sufficient to estimate a small number of 
parameters. However, there are many reasons which make the use of 
large samples a desirable task. This is especially true when the 
techniques we employ (eg. 2.SLS) yield the desired best linear unbiased 
properties only asymptotically (ie. in. large samples).. It must also be 
noted that when we deal with large samples our statistical base of re­
ference is the normal distribution. In the case of small samples, how-, 
ever, we are restricted to using the students t distribution which is an
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approximation of the normal. In short, for a number of reasons v/e would ex­
pect to obtain more reliable estimates from large samples rather than small one
The basic assumption underlying time series applications is, that 
the structure of the model remains unaltered between periods and the 
only changing factors are those explicitly introduced into the model . 
as explanatory variables.
- Let us assume now a situation where a furtunate researcher has 
at his disposal a large sample of say, 50 annual observations, where 
the first year relates to 1926 andthe last to 1975, Simple logic tells 
us that, when years so much apart in time are indiscriminately included 
in the same model we cannot talk about homogeneous time periods.* What 
constitutes the structure of the economy (ie. attitudes and tastes, 
political conditions, fashion etc.) is always in a state of flux, whether 
this is gradual or fast. It is almost impossible to allow for all these 
factors in a model. Even if we do, it is going to be in the shape of some 
ill defined variables such as time trends, dummies, or incomplete indicies, 
which in most cases do not have a direct interpretation.
What all this means is that there is a trade off between large samples 
and unchanged structure. As a result, when time series data are employed 
in regression models researchers are frequently faced with a dilemma; on 
the one hand there is the choice of a small sample which in any appli­
cation lacks asymptotic properties and makes use of the approximate student 
t distribution, while on the other hand we can have the desirable large 
sample at the cost of having a structure which has little relevance to our 
model.
3 *3 Pooled Models
Many of the inadequacies arising from the application of models on 
time series or cross-sections can be overcome if we have access to time
* This is one of the main reasons that researchers are quite keen to use 
quarterly or monthly figures if these are available. However, although 
this might preserve the stability of the structure it enhances the dan­
ger of autocorrelation. Since, in general, the shorter the time period 
in a model the stronger the serial correlation would be,
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series data from many similar cross-sectional units. Then we can 
pool these two different sources of information and treat them as if 
they belong to the same population.
The inception of pooling can be found in studies like those of 
Marshack (26) , Staehle (27), Tobin (28), Wold and Jureen (29), and 
Stone (30). Later on, this methodology was tackled from the sampling 
theory point of view by Durbin (31), and generalised by Theil and 
Goldberger (32) and Theil (33). Lastly, Judge and Takayama (34) have 
dealt with the case where the initial information comes in the form 
of inequality restrictions. The estimation problem then is one of 
quadratic programming.
Broadly speaking, the central idea has been to introduce some 
kind of extraneous information into a model which is finally estimated 
from time series. This extraneous information would in most cases, 
mean that one parameter has been previously estimated from cross-sections, 
or is given from past studies or it can even be assigned a theoretically 
plausible a priori value. Then, if the original model is
Y = a 4* b-^ X^  + b2Xz 4* e (I)
and we are extraneously given the value of say b ^  estimation proceeds 
as
Y* = a 4- b2X2 4- e tH)
where Y* = Y - b^X^
Thus, if multicollinearity existed in I between X-^ and X2 making the 
estimation °f b 1 and b2 problematic, it is of no consequence in II be­
cause the variation of X^ is firstly removed before the remainder, Y*, • 
is regressed on X2. This apparent advantage is unfortunately obscured 
by the following problem that arises. Since the estimates obtained from 
time series are conditional on the estimates which have been extraneously 
given, it is important that they are compatible with those of the time 
series. It is quite probable that the economic structure underlying the 
model has changed between the period which generated the extraneous in­
formation and that which generated the time series sample. Hence the 
procedure of combining the two sets of parameters is questionable because 
we incorrectly "average out" two different structures under one model.
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Another complication arises from the basic assumption behind the 
cross-section and time series data. It has been recognised that 
parameters or elasticities -obtained from cross-sections are of a long 
run character, while those obtained from time series are of a short 
run character. This means that when this technique is employed in one 
model we get two different sets of elastic!tes, one that refers to the 
short run, and one that refers to the long run.
These criticisms against the use of extraneous information in time 
series models have naturally led to a more refined technique: the pooling 
of time series data from different cross-sections. Thus, the computed 
parameters are homogeneous because they are derived from one single sample. 
Apart from that we also gain in that the time series pe):iod may be small 
enough to preserve the assumption of unchanged structure and yet the 
overall sample size might be big enough to claim asymptotic properties.
Also, since the values that each variable takes within the cross-section 
units are quite variable, the problem of multicollinearity between re­
gressors is minimised. Above all, the likely distortion of our predictions 
from exclusively using cross-sectional data is eliminated, because now in 
our sample, all cross-sectional units appear in blocks of time series.
As Kuh (25) concludes, "Only when we have supporting micro time series 
can cross-sections be used safely in a time series context."
3 * 4 The Essence of Pooling
The essence of pooling lies in the fact that the variables included 
in the model fluctuate over the regions included in the sample. Even if 
the variation is successive periods within regions is slight i't is highly 
unlikely that it will not be quite substantial between regions. Therefore, 
what we quite frequently fail to achieve in atime series sense we can achieve 
in a combined time series and cross-section sense. Another crucial point 
to remember is that, no matter how similar the pooled regions are, there 
are bound to be heterogeneities. Of course, one would expect weak dif­
ferences if our cross-section units refer to provinces of one country or 
even states in a federal system. These differences., however, might be ' 
quite significant if the units refer to a number of different countries.
Thus, the specification of the model should be so contracted as to "pick 
up" these heterogeneities.
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Pooling of cross-sections and time series data is not the panacea 
of econometric model construction. The advantages we gain do not come 
without any cost. This is because the error term in pooled models does 
not express radom behaviour any more. In turn, it becomes a composite 
term and it represents the combined effort of three different components.
The one component results from the behaviour underlying cross-sections.
The other is attributed to time. While the third, is a random element 
varying in both directions. In symbols:
e _ = u .  + v + w.,. rt r t rt
where ept = tbe error term tee pooled model
u^ = the cross-section component
v -= the time component
w = a random component having two dimensions (one across
cross-sections and one across time series) .
The most prominent of all the components of the error term is the 
one attributed to cross-sections. This is supposed to reflect the dif­
ferences between the various cross-sectional units. If, for example, 
these units refer to a number of countries, then, all kinds of hetero­
geneities (eg. attitudes, consumption patterns, political conditions, 
.climatic conditions etc.) that exist between these countries, will 
constitute the source of variation of this component.
The time component is supposed to be generated by factors occurring 
at a given time period across the several cross-sectional units. For 
example, a recession during one year might influence a number of countries. 
Some will be affected more than others, but the crucial point is, that at 
a given point in time there is a source of variation across these countries. 
This is what the time component represents.
If the model specification has been so constructed, as to allow for 
both the time and cross-section effect, then, we can hope to have isolated 
the third component which is random and varies in both directions. Hence, 
this third component of the error term is derived as a residual; it is 
what remains after the two other components have been isolated.
In practice, the time component turns out to be usually weak, es­
pecially when the number of time periods is larger than the number of regions
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As the number of cross-section units increases, the number of time periods 
remaining constant, we are having more and more observations for a given 
time period. Then the time component might be strong,, On the contrary, 
as the number of cross-section units decreases, and the number of 
time periods remains the same, the number of observations at a given
time period becomes smaller and smaller. As. a result the time component
becomes weaker and weaker. Besides, the variation of cross-section units 
at a given time period can be viewed as a special type of heteroscedasticity.
Hence, whenever a pooled model is expressed in logarithms this heterosce-
dastic effect will be minimised (see page 36 and also Cramer 35, pp85-6). 
Thus, for all these reasons, and for the fact that except for the cycle 
no other major disturbances across countries at a given time period are 
likely to occur, the time component can be considered as of minor import­
ance. The main effect that ought to be brought into the model structure 
is the one that arises from the differences between the regions of the 
pooled sample.
The realisation that pooling gives rise to a composite error-term 
has led to the following estimation techniques.
3.5 Econometric Description of the Pooled Model
The pooled cross section time series model takes the following 
general form:
t = 1, 2, 3, ... T
and the error term e explicitly or implicitly is 
assumed to express three effects - one attributed to 
the cross-section units, the other attributed to time 
and the last varying in both directions.
where i = 1, 2, 3, ... N
It would be.more convenient to write the model in a compact matrix
notation
(3.1)
where:
Y =
" r tr
yll 1 Xlll X211 X11 ell
y 12 1 X112 X2.12 X12
• * • •* * * •
012
ylT
• • • •
1 X11T X2lT XK1T eiT
y21 1 X121 X221 XK21 e 21
y22 1 X122 X222 XK22 e22
* ( i , x )  = e - •
y2T 1 X12T X22T XK2T 02T
yNl
* • • •
1 X1N1 X2N1 XKN1 0N1
yN2 1 1N2 2N2 KN2 
• • • *
SN2
YNT 1 X1NT X2NT XKNT eNT
It is well known that the normal equations which produce BLUE esti* 
mates of the model parameters are:
SI *y
, r A 'a f l.Oft (l,x) A
klX\ tbJ
where & =
We can now proceed to discussing the different pooled models 
that have been applied in practice.
3.6 The Covariance Model
This model constitutes the traditional approach to combining . 
time series groupings. The statistical description and the appro­
priate tests.that the covariance analysis method implies are explained 
in Johnston (36, ppl92-207). A systematic discussion of the method is 
also to be found in Scheffd (37, Ch.6). Some imaginative applications 
of covariance analysis can be found in Hock (38) and also in Mundlack 
(39) .
This method treats the two error components, the one attributed 
to cross-sections and the one to time, as fixed effects and tries to 
quantify them by means of two sets of dummy variables.
The covariance transformation can be exposited as follows. Ini­
tially consider the transformation matrix R, where
1 1 1  ' 8 ••= I„m - —  A - —  B + ——- J.vTm * ■NT T N NT NT
and both A and B are NT x NT block diagonal matrices specified as;
A =
rows and columns
pT o, • • • / 0
o, ft ' • • • / 0
0,I 0, » • • / F_T.
:ix of ones and the TXT
r *v
V JT'. * » * / XT
IT ' Tm#T . . ., h
X^T' I .T* » • • / IT
* Note that R is idempotent ie. R = R 1 and R -  = R. Hence the trans­
formation matrix is singular with rank = trR = (N-l)(T-l).
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rows and colums. Lastly I m is an NT X NT identity matrix and JNT NT
is an NT X NT.matrix with ones everywhere.
If we apply the transformation matrix to model (3.1) we have
where I is an TXT identity matrix and the TXT block matrices have N
In essence the covariance transformation boils down to applying 
ordinary least squares to the original model after two sets of dummy 
variables have been introduced. The assumption is that one set will 
"sweep out" the cross-section effect while the other will "sweep out" 
the time effect. Thus the covariance model would be left with a purely 
random error term. The statistical significance of the dummies is as­
sessed via two F tests which refer to the incremental explanation of 
the Y variation when we move from the original model to the transformed 
one.
We can now apply the covariance model to a pooled sample consisting 
of the eight countries that we are dealing with. The sample size then 
becomes 112 observations (16 yearly observations over seven cross-section 
units). We have, however, one extra complication here. When a number 
of countries is treated together in one sample all monetary units must 
be expressed in one common denominator. This brings the question of the 
appropreatoness of exchange rates in expressing the relative purchasing 
power of different currencies. It was decided that a reasonably good 
solutions, in our case, is given by using constant exchange rates selected 
for the year used as a base for our deflations, ie. 1963;„* All GDPs then 
refer to billions of U.S. dollars at 1963 prices and exchange rates, while
(3.3)
The application of OLS to the transformed model (3.3) yields the 
following normal equations:
(3.4)
where d and b are the covariance estimates of a and b.
* Full details about the rationale of this method are given in Appendix 
B.
prices refer to dollars of constant 1963 prices and exchange rates.
A simple OLS application to the energy demand model (p 30) 
yields the following results:
£nE = 6.48184 + 0.9824&nY - 1.3228&nP - 0.0880JtnT
(64.5) (13.8) (0;36)
r 2 = o.9789
Although all elasticities assume the right sign, the price elas­
ticity apparently is too large while the temperature elasticity is 
too low and statistically insignificant. This is what happens if we 
indiscriminately pool cross-sections.over time without taking into 
account the individual components of the error term. If, now, we 
introduce the cross-section effect via one set of six dummy variables* 
we get the following results
AnE = 6.02290+ 0.8400£nY - 0.7681&nP - 0.2456JUT 
(17.9) (6.68) • (1.98)
- O.OlOlD2 + 0.0978D3 - 0.25091ft + 0.2081DS
(0.11) (1.99) (2.30) (2.97)
+ 0.1367DG + 0.4640D?
(1.48) (8.35) .
r 2 _ 0.9929
where all variables as defined before, and D^, ..., = individual
coun-trydummies representing one intercept for each country.
In other words the covariance model assumes common elasticities 
but different intercepts for each country. Thus, for the cross-section 
units the following relationships hold
* The inclusion of one overall constant term necessitates the exclusion 
of one dummy if the normal equations (3.4) are to be solveable, see 
Johnston (36, pl78).
t o  = 6.02290 4- Q.8400to - 0.7681£nP - 0.2456to .
£nE = (6.02290-0.0101) 4- 0.8400to - 0.768'lAnP •- 0.2456to
£nE = (6.02290-1-0.0978) 4- 0.8400to - 0.768'lAnP - 0.2456AnT
t o  = (6.02290-002509) 4- 0 o8400to - 0 o7681to - 0.2456AnT
t o  = (6.022904-0.2081) 4- 0.8400t o  - 0.768lAnP - 0.2456t o
t o  = (6.022904-0.1367) 4- 0.8400ftnY r 0.7681&nP - 0.2456t o
ZnE = (6.022904-0.4640) + 0.8400to - 0.7681&nP - 0,2456to
The last step in developing the covariance model' is when the time 
effect is introduced via another set of dummies. Hence
£nE = 6.27292 4- 0.9012t o  - 0.8643£nP - 0.42.84t o
(8.84)' (8.10) (1.98)
- 0.0432D 4- 0.0313D - 0.2504Dt 4- 0.0460D
(0.19) 2 (0.26) (0.78) 1 (0.27)
4- O.H39D 4- Q.3334D
(0.49) (2.58)
- 0.03460 4- 0.10240 4- 0.0199Q •+ 0.0125Q
(0.70) (2.10) (0.41) (0.23)
- 0.0383Q - 0.0408Q - 0.0870Q - 0.0542Q*
(0.66) (0.62) (1.16) * (0.67)
- 0.0362Q - 0.09Q7Q - 0.0574Q - 0.0443Q
(0.42) 10 (0.98) 11 (0.61) 12 (0.44) 13
- 0.0469Q - 0.0453Q 4- 0.01380
(0.43) . (0.38) (0.11)
R2 = 0.9945
The final specification of the covariance model is decided on 
the basis of the following two F tests.
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Italy*: 
Netherlands: 
France: 
Denmark:
F.R. Germany; 
Belg/Lux:
UK:
* All constant terms refer to logarithms.
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Source
Table
Analysis of Covariance
DpF0 Sum of Square Mean Square F*
Residualo 
Model with no 
cross-section 
or time dummies
108 2.27611 0.02108
Residualo 
Model with 
cross-section 
dummies
102 0.76112 0.00746
Incremental. 6 1.51499 0.25250 33.85
Residual.
Model with cross- 
section and time 
dummies.
87 0.59817 0.00688
Incremental. 15 0.16295 0.01086 1.58
With the first test we are trying to establish whether the intro­
duction of individual country shift variables (dummies) are statistically 
significant. The test hypotheses then are:
H0 : D2 d 3 - ... - D  - 0
= D? / 0
with (6,102) d.f. and at the 1% level the critical value of F is. 3.008. 
Hence F* > F ie. we accept the- alternative hypothesis, the cross-section 
effect is highly significant.
The second test is designed to assess the significance of introducing 
the set of time dummies. The test hypotheses then are:
H0 : S2 ’ Q3 • S16 °
HA ' S2 e3 - .. + 6  740
with (15, 87) d..f. and at the 1% level of significance the critical 
value of F is 2.28. Hence 1.57 < 2.28 or F* < F, which means that we 
cannot reject the null hypothesis? the time effect is not statistically
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significant. This of course is hardly surprising. We were expecting 
on a priori reasoning the time effect to be-weak and it turned out to 
be so. Thus, the best model specification is when we introduce indivi­
dual country intercepts and disregard the time component of the error • 
term. Statistical theory, however, stipulates that there is a third 
F test that can be conducted. Namely, a test concerning the assumption 
of common slopes. Although this is a valid test we should bear in mind 
that there is no end to conducting statistical tests of significance.
In fact we can test almost everything we wish in a model; the most 
crucial however, is the simple t test for our parameter estimates, 
apart from that anything else might be considered as a luxury. There­
fore, our initial assumption that the EEC group of countries is a 
homogeneous enough group to assume common elasticities but different 
intercepts, is taken for granted right from the beginning before even 
proceeding to pooling. A very relevant example is the Constant Elasticity 
of Substitution production function proposed by Arrow, Chenery, Minhas, 
and Solow (40). The authors derived this type of production function 
and tested it across countries such as U.S., Canada, India, Iraq'and 
others. Although this group of countries is quite heterogeneous they 
proceeded to estimation not even bothering to allow for differential in­
tercepts.
Our "best" income and price elasticities are 0.84 and -0.77 respectively 
which, are to be taken to represent long run behaviour, due of course as 
argued elsewhere, to the introduction qf several cross-section units in 
the model. We can now compare them with those of similar studies. Un­
fortunately in the published empirical studies up to now none seems to 
consider explicit introduction of a temperature variable in the model.
In this respect then our results will be left with no comparison. Perhaps 
the most comparable study is that of Nordhaus (41). He also used a co- 
variance model (the countries pooled were, U.S., F.R. Germany, France,
Italy, Belgium, Netherlands, and U.K.) for the period 1960-1972 and his 
estimates were 0.79 for the income elasticity and -0.85 for the price 
elasticity, both are quite close to ours. Edmonson (42) with time series 
data for 1901-1968 quotes an income and price elasticity, for total energy 
in the U.S., of 0.8 and -0.5 respectively. Prais and Houthakker (19) 
estimated an income elasticity of 0.95 for fuel.using budget study data
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for the middle class in Britain for the period 1937-39. Gilbert (43) 
in an international comparison of consumers1 expenditure obtained an 
income elasticity of 1.19 for fuel and light. Lastly Stone and Rowe 
(44) using quarterly data from 1950 to 1956 for the U.K. estimated a 
long run price elasticity for fuel and light of -0.7.
On the average, the elasticity of income by the various authors 
is placed in the 0.9 neighbourhood. As for price there is no general 
agreement, thought the consensus of evidence places it anywhere between 
-0.5 and -0.8. Nevertheless the contention maintained here is that the 
income and price elasticities for energy are highly variable because 
they are subject to structural changes in the economy. In addition, 
since no stock variable has been introduced into the equation its 
variation would be picked up by the existing elasticities which then 
become even more unstable. A way to mitigate these troublesome vari­
ations is to conduct a more fine search for the "true" income and 
price elasticities. Comparison of elasticities obtained from successive 
short time intervals can reveal how structural changes affect our esti­
mates over time-. At the same time the variation of the stock of durables 
within these intervals cannot be great enough to impart a bias In our 
estimates. Such a search is performed in the next chapter,
3.6.1 The Meaxiing of Autocorrelation in Pooling
Up to now we have used the covariance model with no specific re­
ference to autocorrelation. Although in time series autocorrelation 
has a meaning and a pattern in cross-section it lacks any kind of in­
terpretation. This is because firstly, cross-sections are not ranke.d 
in a specific chronological order and secondly, they do not imply given 
(or constant) time periods. Since in pooling we have both a time and 
a cross-section element one rightly wonders whether he should or should 
not bother with autocorrelation.
A clue is given by Nerlove (45). Upon estimating a production 
function from cross-section data he has used the Durbin Watson statistic 
as a check for m.is-specification. Although this statistic has no direct 
interpretation in cross-sections it may be used if there can be a 
meaningful ordering of the data corresponding to the chronological
GO
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sequence of time series data. In that study Nerlove ordered the data 
by size of firm, according to the volume of output, and the DW statistic 
indicated a high and significant positive autocorrelation. In our case 
there is no obvious criterion according to which the data can be ordered. 
We can make an effort, however, by employing the following heroic hy­
pothesis. As economies grow and pass through the various stages of 
development preferences of the consumers are such, as to lead to greater 
accumulation of durable goods. This implies, of course, that'there would 
be a tendency to increase the expenditure for energy per capita over time. 
Thus, by usj.ng the quantities of energy consumption and the•already con­
structed fuel price index the expenditure on energy per head for the EEC 
countries was calculated. The above table indicates how the individual 
countries were ordered according to the criterion adopted.
According to the table, for example, the first observation belong 
to 1955 Italy, while the last to 1970 U.K. The second step was to apply 
the covariance model to this sample and from -the residuals calculate the 
D.W. statistic. The value it assumed was
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Tliis value falls in the inconclusive area (at the 5% level) and al­
though we are indecisive we can at least assert, that there is no 
evidence of strong first order positive autocorrelation.
The results of this test are to be taken only as a rough indi­
cation, because in most instances pooled models do not even need any 
test for autocorrelation. The first argument against such a test is, 
that the criterion of the assumed chronological ordering is in essence 
speculative and there is no guarantee that it will hold at all times.
Besides, even after we order our data thereis no reason why each ob­
servation from the next will refer to a constant time interval (say 
orte year, three years, five years etc.). It may very well be the case 
that the reaction of the average Italian will be similar to that of 
the Dutch after the elapse of one year, while the reaction of the Belgian 
will be similar to that of the German after say five years. There are 
no specific time intervals when cross-sections are ranked by any kind of 
criterion. This means that there is no specific message that a test 
like the D.W. can convey as regards the randomness of the error term in 
pooled models.
Our reasoning so far leads to the conclusion that even if there is 
some kind of autocorrelation in pooled models there isno way of detecting 
it. More properly one should say that in pooling autocorrelation changes 
shape; it appears in a special form which is removed -once the model is 
transformed. The covariance transformation that we have used (ie. the 
introduction of dummies) when applied to the pooled model absorbs, in a 
way, the autocorrelation existing in each cross section unit. The models 
proposed by Nerlove, Kmenta, etc. which are discussed below, again imply 
a transformation which at the end treats autocorrelation in one way or 
another. Of course, nobody talks about the dummies being introduced in 
order to specifically allow for autocorrelated. disturbances. Instead it 
is suggested that these are specific differences in each cross-section 
unit which would impart a systematic component into the error term. Hence 
the transformation is proposed in order to quantify these differences.
Since now, the autocorrelation assumption represents a multitude of effects 
that collectively behave systematically, the transformations employed by 
the various pooled models explicitly or implicitly allow for this assumption 
too.
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Another way of expressing the covariance model is to assume that 
the relationship under study holds in changes instead of levels. Then, 
by taking first differences all intercept terms vanish and the covariance 
transformation boils down to simply applying OLS to the pooled sample 
where all variables are expressed in changes. This implies that we can 
pool observations from several cross-sectional units without bothering 
about heterogeneities that exist in each sample unit.
In analysing inter-country family budgets Ilauthakker (46) used 
such a model, although he erroneously postulated that pooling can be 
performed indiscriminately. Not surprisingly, when he applied his model 
to absulute values data the results were quite unexplainable especially 
with regard to the price elasticities computed.
The application of this model to the pooled EEC sample gave the
•>following results
*A&nE = 0.8663A£nY + 0.0925A£nP - 0.2654A£nT
(11.04) ' (1.26) (4.79)
where all variables as defined before and 
the A operator expresses changes.
The income and temperature elasticities are of the right sign and 
their magnitudes are similar to those computed in the covariance model.
The price elasticity, however, assumes the wrong sign and is statistically 
insignificant. The mere taking of first differences eliminates the cross- 
section differences and at the same time the very reason of pooling. As 
frequently mentioned so far, one of the reasons for pooling observations
3.6.2 A Model Based' on Rates of Change
* The R^ of this equation was 0.57 but it cannot be taken seriously 
since the same equation with an intercept term yielded an r 2 of 
0 .23. There cannot be a case where, when a variable is excluded 
from an equation its explanatory power increases. This in fact 
is a common phenomenon in regression packages which contain an 
option; regression forced through origin. The reason is that there 
is a technical trap relating to the formula used for calculating r 2 , 
Besides the concept of r 2 is at issue in the zero-intercept model.
A good discussion on this point is given by Aigner (47, pp85-90),
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from time series and cross-sections is in order to overcome the problem 
of multicollinearity and we usually succeed because the level that each 
variable assumes in the various regions differs. Y?hen we take first 
differences levels do not count but only changes do. Thus, if the rates 
of change of incomes and energy prices in the EEC area have followed 
the same trend over time, expressing the model in first differences un­
covers the problem of multicollinearity again.
Part of the poor quality results that this model yields are due, 
of course, to the general criticisms concerning models that are expressed 
in first differences. This point was elaborated in Chapter Two.
An interesting by-product stemming from the application of this 
model is that we have a chance of testing the exchange rate bias men­
tioned in Appendix B. Differences of lagarithms being percentage 
changes are pure numbers. It was not necessary then to convert the 
GDP variable into U.S. dollars and the results obtained refer to 
local currencies. Two other regressions were computed; in the one 
GDP's were expressed in U.S. dollars of constant 1963 exchange rates, 
while in the other, yearly exchange rates were used. As expected the 
former method produced identical elasticities with those already 
quoted above. When, however, the constant exchange rates were replaced 
by the yearly .ones all the elasticities turned out different. The income 
elasticity was computed as 0,23 which shows that there is a clear under­
estimation due to the exchange rate fluctuations. This again verifies 
our assumption that taking constant exchange rates is the right course 
of action in regression analysis.
3.7 The Error Components Model
The "inventors" of this model are Nerlove and Balestra (48). They 
were the first to propose a pooled model different from the traditional . 
covariance approach. The specification of this model is unique in that 
it allows for a multidimensional error term with three components which 
are assumed to behave randomly.
Perhaps the rudiments of the error components model are to be found 
in a pioneering work made by Zeliner (49). He proposed a novel method 
to solve d set of seemingly unrelated actuations (in our case,' this set
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of seemingly unrelated equations v/ould refer to the seven equations 
computer in Chapter Two for each ofthe EEC countries). His methodology 
rests on the idea that there is a certain amount of inter-relationship 
between equations which express similar behaviour. As a result the 
disturbance terms in these different equations are correlated, thus 
producing an extra source of information to be utilised in estimation. 
The procedure Zellner proposed yields at least asymptotically more 
efficient coefficient estimates* .than simple equation least squares.
iThe efficiency is greater the greater the correlation between dis­
turbance terms and the lower the correlation between independent 
variables in different equations.
Each equation in matrix notation takes the form
Y . = X .b . + e . where i = 1, 2, ..., Mi i i r
and the system .of equations may be written ast
M
X o ... o b
o X,
o o XM bM M
or Y = Xb + e (3.6)
with the following variance-covariance matrix
ft = E(ee1) =
°111 ai2I *** aiMI 
^ l 1 a22I *'* a2MI
a  „ I  a  I  . . .  cr I  Ml M MM
a  a  11 12
a21 a22
1M
2M
GM1 °M2 *’* ^MM
<8> i
* In further work Telser (50) developed an iterative procedure for esti­
mators of the general type proposed by Zellner and showed that these
are BAN (best, asymptotic, normal).
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In equation (3,6) Y is a MT x 1 vector of observations, X is 
the block diagonal matrix which is shown in (3.5), b is the matrix 
of coefficients of order
m
y k x i ,
m=l
and e the MT x 1 vector of disturbances. In the variance covariance 
matrix I is a unit matrix of order T x T.
For the solution of this set of equations Zellner proposes a two 
stage Aitken's method. Since each equation in (3.5) contains the same 
number of regression parameters as any other, we are basically describing 
the same situations as when we pool cross-section and time series data 
in a single equation model. Furthermore, if the parameters in each 
equation are assumed to be the same then (3.6) becomes identical with 
(3.1) and the whole set of equations reduces to a single equ'ation pooled 
model.
In the error components model of Nerlove and Baiestra a set of 
equations corresponding hypothetically to each region are compressed 
into one equation. The primary target for additional information then 
is the structure of the error variance covariance matrix. The relation­
ship to be estimated in matrix notation takes the form of (3.1) where:
xll' 1  xm  • • • •  xk i i " U  4- V  4- W 1 1 11
•
yiT 1 X11T--------XK1T U  4- V  4- W 1 T IT
* (1,X) = • * * e  = • *
t—
1
>? 
••
1 x x__T1 INI KN1 11 + V  +  w  N 1 NI
y 1 X .......................... X U  4- V 4- W, mNT INT KNT N T NT*• J
Hence the error term consists of three components - one attributed to 
the cross-section units,one to time, and the third varying in both 
dimensions, ie.
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e , , = u . + v, -I- w., it i t it
(i = 1,. 2, . . . N t = 1, 2, . . . T)
where u., v, and w., are all random, have zero means, and are independent i t it
of each other. Also
E(u.v.) := O for i / j 1 J
E(v.v ) = 0 for t / s t s
E(w..W. ) = E(w. w. ) = E(w, w. ) = 0  for i / j it is it *jt it js J
and t / s
The variance covariance structure of the residuals becomes
E(ee’) = ft » a2A + a2B + a2lu v w NT
where the matrices A, B, and I as defined in the covariance model.
After recognising possible correlations* among the components of
the error term and the compound problem of lagged dependent variables
the authors argue that the following expression leads to consistent
estimates of p , ...e’e-e'Ee/Np — -------- 1—K PTe1e
where N the number of regions, T the number of time periods and P the . 
product of the two. Note also that
N T
F'ite'e ~ I I1=1 t=l
N T
P’it'e'Ee = I ( I e )2i=l i=l
* It should be noted that the exposition of the model here is more general 
than the one used by the authors. Balestra and Nerlove like Brehm and 
Saving (51) assume that the error components are bothersome only in the 
cross-section units direction. They argue that a time effect would com­
plicate the analysis without greatly adding to the final results. This 
assumption has also been verified in our analysis when we found that the 
time dummies are statistically insignificant.
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Thus, a consistent estimate of ft can be obtained if we use the estimates 
of p to form the matrix S which is uded in a second round to produce BAN 
estimates of b according to the formula:
b  =  X  * S  _ i X  ~ 1 X ' s " 1 y
3.7.1 An Evaluation
Although sophisticated in nature, the error components model yields 
no definite advantages over the simple classical covariance model. This 
is at least what Wallace and Hussain (52) have shown in a detailed com­
parison of the two. As they put it "There is then the question of what 
all this means for the practical researcher. It seems, to us that for all 
our effort, covariance estimators come off with a surprisingly clear bill 
of health." Another feature of the error components model, which has 
been under criticism, is the assumption that the autoregressive pattern 
of the disturbances, for each cross-section unit, remains constant re­
gardless of how far apart in time the disturbances are. This, of course, 
does not have a plausible economic interpretation. Kmenta (20,p515) 
rightly comments "This contrasts sharply with the usual assumption of 
first order autoregression, which implies that the degree of correlation 
declines geometrically with the time distance involved."
However the "battle" between the proponents of the covariance model
and those of the error components model is far from being resolved. Ner-
love and Balestra were mainly interested in using pooling in conjunction 
with the estimation of dynamic models. It is when lagged dependent vari­
ables are introduced into the model that the authors claim that their 
method is superior to the covariance model. However, Amemiya (53) has 
considered the problem of estimating apooled model which includes a lagged 
value of the dependent variable. His results show that full maximum 
likelihood two round procedures, using an estimated value of p or an 
arbitrarily chosen non zero value of p, and methods which treat the error
components as constant parameters to be estimated by the. covariance method, •
are all asymptotically equivalent. In a series of articles Maddala (54), 
Nerlove (55, 56), and Henderson (57) attack the results of Wallace and • 
Hussain, and of Amemiya, arguing that simple devices such as the intro­
duction of dummy variables in pooling produce seriously biased estimates.
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The arguments for and against these two different approaches in 
estimating pooled samples can be clarified if we look at the philoso­
phical point of departure of the two models. In the covariance model 
we recognise that there are differences between cross-section units 
and that the nature of these differences expresses our "specific igno­
rance" about their source. Hence we introduce a set of dummies in 
order to quantify this specific ignorance. In the error, components 
model these differences are assumed to express "random" behaviour, 
thus, they ought to be treated the same way as our "general ignorance" 
which is the error term. The impact that these two alternative assump­
tions have on our estimated coefficients is evident in Madalas1 (54, 
p357) own words "One important assumption, however, that is needed for 
the validity of the analysis of this paper is that the "specific igno­
rance" be assumed to be independent of the regressors - an assumption 
that may not always be valid and that is not needed for the consistency 
of.the least squares with dummy variable techniques." Indeed under 
normal conditions one expects the specific ignorance- to have some 
bearing on the rest of the independent variables in the model. As noted 
elsewhere what makes this specific ignorance, are a number of factors 
which are different in each region. Hence factors such as tastes, govern­
ment policies, and in general the structure-of the economy ought to affect 
and be affected by GDP or the level of fuel prices. It is quite unrealistic 
to assume that what the dummies capture is totally uncorrelated with the 
rest of the regressors of the model. If this is true the covariance model 
is still valid but the error components model breaks' down completely.
Nevertheless it ought to be recognised that when pooling is per­
formed with say, the various provinces of one single country, then dif­
ferences between these regions might not be great enough so as to con­
stitute a different variable. In these cases we might amalgamate all of 
them and treat the whole thing as a randomly behaving variable, as the 
error component model stipulates. In cases, however, where pooling is 
performed with a number of separate countries, then the differences 
among them are expected to be great enough so as to need one different 
constant term to represent each set of these differences. This is what 
the covariance model does,
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3.8 Cross-Sectionally Heteroskedastic and Time-Wise Autoregressive 
Model
When the raw materials in econometric models are time series ob­
servations the usual problem is serial correlation of the disturbances. 
In cross-sections, however, the time element is absent and the frequent 
worry of the researcher is heteroskedastic disturbances. Kmenta (20/ 
p509) proposes that when pooling occurs we have most likely violated 
both of the classical assumptions and the solution lies in a double 
transformation of the original observations. Hence under the assump­
tions of this model the error structure of (3.1) becomes
E(e>) = cr2 xt x
E(e .:e..) = 0  for i / j xt jt
eit P . e . ' + u . ^x x,t-l xt
where u_^ t satisfies all the usual stochastic assumptions. It should be 
noted that the autocorrelation coefficient may or may not be different 
in each cross-section unit. The variance covariance matrix of the error 
term becomes
E(ee') = ft »
P . “x
P .
X
°lpl
0
P .
X
o
°2P2
P2X
p .X
T-l T-2 T-3P . P . P .X X X
°NPN
T-l
P i
T-2
and each of the O's is a zero T x T matrix.
Consistent, estimates of the elements of the ft matrix can be. found 
if we subject the original observations firstly in one transformation 
designed to remove autocorrelation and secondly in another to remove
70
heteroscendasticity. In order to do this in the initial stage we 
apply OLS to the original N x T observations. Since estimated co­
efficients are unbiased and consistent we use them to calculate the
residuals e,,. These can be used todbtain estimates of p. via the it r 1
formula £siA,t-i
p —- —
1 7e2L i,t-l
Next we transform the observations in the usual first order autore­
gressive scheme ie.
Y* = Y - p Y t = 2, 3, .../ Tit i 1 i/t-1
i = 1, 2, ..,, N 
Xit,k Xit,k PiXi,t-l,k k = 1, 2, . .., K
After.applying OLS to the Y* , X *  variables we calculate the regres-JL 1. ”L j K
sion residuals which yeild a consistent estimate of the variances of
u .^ . The final transformation then is: it
Y*
Y * *  = 1it S .ui
XTi
*it,k Sx** = ui
where S . is given by b2 . = ■ Y u.,ui • J ui T--K-1 itt=2
Application of OLS to the Y * *  and XT* , variables yeilds BLU parameter3. tS X u f  Kl
estimates and the error term is asymptotically non autoregressive and 
homoskedastic.
3.8.1 Kmentas1 Model in Practice
We can now follow the procedure suggested by Kmenta in order to 
see the results it yeilds in the pooled energy model.
Firstly OLS is - applied to the original data and the seven different 
autocorrelation coefficients are calculated from the residuals. The p's 
obtained were as follows:
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ITALY; p = 0.696 F.R. GERMANY; p = 0.808
NETHERLANDS; p = 0.562. BELG/LUX: p = 0.842
FRANCE; p = 0.942 U.K.: p = 1.008*
DENMARK: p = 0.917
All p estimates are quite high which is an indication that there 
is a strong positive autocorrelation in the residuals of each cross- 
section unit. This indeed justifies the tranformation suggested. Using 
the p's we transform the original observations and apply OLS again. The 
results obtained were .
£nE* = - 0.0091 + 1.0539£nY* + 0.2352&nP* - 0.3683£nT* .
(0.82) (36.5) (3.40) (4.70)
R2 = 0.9975
Although income and temperature take the right sign and the expected 
magnitude, the price elasticity takes the wrong sign again. As in the
previous section when we tested the model in rates of change here again
the problem of multicollinearity reappears. The simple correlation co­
efficient between price and income is 0.98 indicating a very strong cor­
relation between the two. Despite the fact that pooling reduces colli- 
nearity among variables, taking some sort of differencing creates it again.
One might think that the second transformation which is destined to 
remove heteroscedasticity will possibly make things better. However, 
there are at least three reasons why one should not attempt such a trans­
formation. Firstly, all variables are expressed in logarithms which in 
itself is one way of treating heteroscedasticity. Secondly, as argued 
in the covariance model the time effect is usually weak and the F test 
conducted verified this contention. Thirdly, and perhaps more importantly 
the mere division of all the variables in one equation by the same variable
(in this case S .) creates heteroscedasticity instead of curing it (Kuh, 18). ui
Provided, of course, initially the disturbances were approximately
* Since the value of p cannot exceed unity, in the calculations .we 
assumed a value for U.K. equal to 0.999.
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h o m o s c e n d a s t i c ,  s o m e t h i n g  w h i c h  i s  a c h i e v e d  h e r e  b y  h a v i n g  a l l  v a r i a b l e s  . 
i n  l o g a r i t h m s . *
T h e  r e s u l t s  o b t a i n e d  f r o m  t h e  c r o s s - s e c t i o n a l l y  h e t e r o s c e d a s t i c  
a n d  t i m e  w i s e  a u t o r e g r e s s i v e  m o d e l  w e r e  n o t  e n c o u r a g i n g  a t  a l l .  I t  
w a s  c o m f o r t i n g  i n  a  w a y ,  t o  s e e  t h a t  t h e  i n c o m e  a n d  t e m p e r a t u r e  e l a s t i ­
c i t i e s  a s s u m e d  s i m i l a r  v a l u e s  w i t h  t h o s e  o b t a i n e d  f r o m  t h e  c o v a r i a n c e  
m o d e l .  T h i s  i n  i t s e l f  i s  a n  i m p o r t a n t  c o n c l u s i o n  a s  r e g a r d s  a u t o c o r ­
r e l a t i o n .  I f  t w o  d i f f e r e n t  m e t h o d o l o g i e s ,  o n e  e x p l i c i t l y  a l l o w i n g  f o r  
a u t o c o r r e l a t i o n  a n d  t h e  o t h e r  n o t ,  y i e l d  s i m i l a r  p a r a m e t e r  e s t i m a t e s ,  
t h e n  t h e  o n e  w h i c h  d o e s  n o t  e x p l i c i t l y  a l l o w  f o r  a u t o c o r r e l a t i o n  m u s t  
i n  a n  i m p l i c i t  w a y  h a v e  e l i m i n a t e d  i t .  T h e  p r i c e  e l a s t i c i t y ,  h o w e v e r ,  
w h i c h  i s  o u r  p r i m a r y  t a r g e t ,  w a s  o b s c u r e d  a g a i n  b y  t h e  p e r e n n i a l  d e s e a s e  
m u l t i c o l l i n e a r i t y . T h u s  i t  t u r n e d  o u t  t o  b e  t o t a l l y  u n a c c e p t a l i l e .
3 . 9  C o n c l u d i n g  R e m a r k s
T h e  i n t e n t i o n  i n  t h i s  c h a p t e r  h a s  b e e n  t o  p i n p o i n t  t h e  d e f i c i e n c e s  
a r i s i n g  f r o m  s o l e l y  u s i n g  i n  e m p i r i c a l  w o r k ,  e i t h e r  t i m e  s e r i e s  o r  c r o s s -
s e c t i o n s .  A  p r o m i s i n g  a l t e r n a t i v e  i s ,  t h e  s i m u l t a n e o u s  u s a g e  o f  i n ­
f o r m a t i o n  f r o m  b o t h  t i m e  s e r i e s  a n d  c r o s s - s e c t i o n s  i n  t h e  c o n t e x t  o f  a  
p o o l e d  s a m p l e .  A  s u r v e y  o f  t h e  e x i s t i n g  l i t e r a t u r e  o n  p o o l i n g  t e c h n i q u e s ,  
a n d  s o m e  e m p i r i c a l  a p p l i c a t i o n s ,  e n a b l e d  u s  t o  c h o o s e  t h e  b e s t  o n  t h e  
b a s i s  o f  e c o n o m i c  a n d  s t a t i s t i c a l  c r i t e r i a .
O u r  e v a l u a t i o n  o f  t h e  w o r k  o n  p o o l i n g  u p  t o  n o w ,  r e v e a l e d ,  t h a t  i n  
t h e  c a s e  o f  a n  a r e a  s u c h  a s  t h e  E E C ,  t h e  b e s t  t e c h n i q u e  t o  u s e  i s  t h e  
t r a d i t i o n a l  c o v a r i a n c e  a n a l y s i s  a p p r o a c h  w h e n  t h e  t i m e  e f f e c t  i s  b e e n  
d i s r e g a r d e d .  A n y  d e v i a t i o n  f r o m  t h i s  t e c h n i q u e  i s  l i k e l y  t o  p r o d u c e  
w o r s e  r e s u l t s  r a t h e r  t h a n  i m p r o v e m e n t s .  A  v a r i a n t  o f  t h e  c o v a r i a n c e
*  F o r  t h e  s a k e  o f  c o m p l e t e n e s s  t h e  s e c o n d  t r a n s f o r m a t i o n  w a s  p e r f o r m e d  
a n d  t h e  r e g r e s s i o n  o n  t h e  d o u b l e  t r a n s f o r m e d  v a r i a b l e s  y e i l d e d
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A l t h o u g h  t h e r e  i s  n o  r e a l  c h a n g e  i n  i n c o m e  a n d  t e m p e r a t u r e  t h e  p r i c e  
e l a s t i c i t y  i s  e v e n  w o r s e  n o w .
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m o d e l  e m e r g e s  i f  w e  c i s s u m e  t h a t  t h e  u n d e r l y i n g  r e l a t i o n s h i p  h o l d s  i n  
c h a n g e s  a n d  n o t  i n  l e v e l s . T h e n  a l l  i n t e r c e p t  t e r m s  a r e  e l i m i n a t e d  a n d  
t h e  c o v a r i a n c e  t e c h n i q u e  b o i l s  d o w n  t o  a p p l y i n g  t h e  c l a s s i c a l  O L S  t o  a  
f i r s t  d i f f e r e n c e s  m o d e l .  B e s i d e s  t h e  u s u a l  a r g u m e n t s  a g a i n s t  t a k i n g  
f i r s t  d i f f e r e n c e s ,  t h e  a p p l i c a t i o n  o f  s u c h  a  m o d e l  e l i m i n a t e s  a n y  v a r i ­
a t i o n  a c r o s s  r e g i o n s .  T h u s ,  i n s t e a d  o f  c u r i n g  t h e  s n a g  o f  m u l t i c o l l i ­
n e a r i t y  w e  l e a v e  i t  u n t o u c h e d .  P e r h a p s  t h e  b e s t  t h a t  t h i s  m o d e l  c a n  
o f f e r  i s ,  t h a t  t h e r e  i s  n o  n e e d  t o  b o t h e r  w i t h  e x c h a n g e  r a t e s .
Z e l l n e r ' s  m e t h o d o l o g y  o f  a  s e t  o f  s e e m i n g l y  u n r e l a t e d  r e g r e s s i o n s  
w a s  n o t  c o n s i d e r e d  o n  t h e  g r o u n d s  o f  a s s u m j p t i o n s  i n c o m p a t i b l e  w i t h  o u r s . 
H i s  m o d e l  a p p l i e s  t o  a  s y s t e m  o f  e q u a t i o n s  e a c h  o n e  h a v i n g  d i f f e r e n t  
s l o p e s  a n d  c o n s t a n t s  b u t  i n t e r d e p e n d e n t  e r r o r  t e r m s .  O u r  b a s i c  a s s u m p ­
t i o n  w a s  n o t  t o  i n c r e a s e  t h e  e f f i c i e n c y  o f  e a c h  e q u a t i o n  a c r o s s  c o u n t r i e s '  
( e s p e c i a l l y  w h e n  m o s t  o f  t h e m  f a i l e d  t o  g i v e  r e a s o n a b l e  r e s u l t s )  b u t  t o  
s e e k  t h r o u g h  p o o l i n g  t o  i n c r e a s e  t h e  r e l i a b i l i t y  o f  o u r  e s t i m a t o r s  a n d  
t o  e l i m i n a t e  t h e  p r o b l e m  o f  m u l t i c o l l i n e a r i t y .  T h i s  b e c o m e s  f e a s i b l e  
o n l y  i f  w e  a s s u m e  c o m m o n  s l o p e s  f o r  a l l  e q u a t i o n s  a n d  a n y  p o s s i b l e  h e t e ­
r o g e n e i t i e s  a r e .c o m p r e s s e d  i n  d i f f e r e n t i a l •i n t e r c e p t s .
T h e  e r r o r  c o m p o n e n t  m o d e l  i s  s t i l l  a  d e b a t a b l e  f i e l d .  I t  i s  b a s e d  
o n  t h e  a s s u m p t i o n  t h a t  t h e  c o m p o n e n t s  o f  t h e  e r r o r  t e r m  o u g h t  t o  b e  
t r e a t e d  a s  r a n d o m  v a r i a b l e s  a n d  n o t  a s  f i x e d .  I t s  p e r t i n e n c y  s h o u l d  
b e  m o r e ,  c l e a r  i n  c a s e s  w h e r e  t h e  b o u n d a r i e s  o f  e a c h  c r o s s - s e c t i o n  u n i t  
a r e  l o o s e l y  d e f i n e d .  O n  t h e  c o n t r a r y ,  i f  w e  a r e  d e a l i n g  w i t h  a  n u m b e r  
o f  c o u n t r i e s  w h o s e  b o u d n a r i e s  a r e  s p e c i f i c  w e  n e c e s s a r i l y  n e e d  o n e  
v a r i a b l e  f o r  e a c h  c o u n t r y  i n  o r d e r  t o  e x p r e s s  t h e  d i f f e r e n c e s  t h a t  e x i s t  
a m o n g  t h e m .  I t  i s  n o t  r e a l i s t i c  t o  l u m p  a l l  d i f f e r e n c e s  i n  o n l y  o n e  
v a r i a b l e  a n d  a s s u m e  t h a t  c a n c e l l i n g  o u t  m a k e s  i t  a  r a n d o m  o n e .
K m e n t a ' s  c r o s s - s e c t i o n a l l y  h e t e r o s k e d a s t i c  a n d  t i m e  w i s e  a u t o r e ­
g r e s s i v e  m o d e l  i s  b a s e d  o n  t h e o r e t i c a l l y  s o u n d  a s s u m p t i o n s .  I t  i s  q u i t e  
p o s s i b l e  t h a t  p o o l i n g  l e a d s  t o  a  s i m u l t a n e o u s  v i o l a t i o n  o f  b o t h  b a s i c  
a s s u m p t i o n s  o f  O L S .  U n f o r t u n a t e l y ,  a l t h o u g h  t h e  t r a n s f o r m a t i o n  h e  p r o ­
p o s e s  f o r  a u t o c o r r e l a t i o n  i s  a  p l a u s i b l e  o n e ,  t h e  o n e  s u g g e s t e d  f o r  
h e t e r o s c e d a s t i c i t y  d e f e a t s  i t s  o w n  p u r p o s e .  A p p l i c a t i o n  o f  t h i s  m o d e l  
t o  t h e  e n e r g y  m a r k e t  p r o d u c e d ,  a l b e i t  i n t e r e s t i n g ,  i n c o n s i s t e n t  r e s u l t s .  
E v e n  i n  t h i s  m o d e l  t h e  p r o b l e m  o f  m u l t i c o l l i n e a r i t y  i s  n o t  t r e a t e d  p r o ­
p e r l y .  T h e  a u t o c o r r e l a t i o n  t r a n s f o r m a t i o n  c o n c e l s  m o s t  o f  t h e  b e n e f i c i a l
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T h u s ,  b y  d e d u c t i o n  w e  h a v e  s h o w n  t h a t  t h e  c o v a r i a n c e  m o d e l  i s  t h e  
m o s t  s u i t a b l e  o n e  i n  o u r  c a s e .  T h e  r e s u l t s  o f  o u r  s u r v e y  m a y ,  o r  m a y  
n o t ,  h a v e  g e n e r a l  a p p l i c a b i l i t y .  B u t  o n e  t h i n g  i s  c l e a r ,  i f  w e  a t t e m p t  
t o  i m p r o v e  o u r  r e s u l t s  b y  p o o l i n g  a  n u m b e r  o f  c o u n t r i e s  u n d e r  o n e  s i n g l e  
m o d e l ,  b o t h  a  p r i o r i  r e a s o n i n g  a n d  t h e  s t a t i s t i c a l  r e s u l t s  c a l l  f o r  t h e  
i n t r o d u c t i o n  o f  o n e  i n t e r c e p t  t e r m  f o r  e v e r y  s i n g l e  c o u n t r y .  I n  t h i s  
w a y  w e  a r e  a t  l e a s t  m o r e  s u r e  t h a t  t h e  e s t i m a t e d  e l a s t i c i t i e s  a r e  
" c l e a n "  f r o m  p o s s i b l e  b e t e r o g e n e i t i e s .
variation across the different regions„
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C H A P T E R  F O U R  
C O M P A R A T I V E  S T A T I C S
T h e  f a c t  t h a t  w e  a r e  d e a l i n g  w i t h  a  l a r g e  s a m p l e  p r o v i d e s  u s  
w i t h  a n  e x t r a  t o o l  f o r  o u r  a n a l y s i s .  W e  c a n  d i v i d e  t h e  e n t i r e  
p e r i o d  i n t o  s m a l l e r  s u b p e r i o d s  i n  o r d e r  t o  o b s e r v e  t h e  v a r i a b i l i t y  
o f  t h e  c o m p u t e d  e l a s t i c i t i e s  o v e r  t i m e .  B y  s o  d o i n g  w e  e l i m i n a t e ,  
i n  a  r o u g h  b u t  s i m p l e  w a y ,  b o t h  c h a n g e s  o f  t h e  s t o c k  o f  a p p l i a n c e s  
a n d  s t r u c t u r a l  s h i f t s .  T h e  d i f f e r e n c e s  o f  e l a s t i c i t i e s  b e t w e e n  
p e r i o d s  a r e  e x p e c t e d  t o  r e f l e c t  c h a n g e s  i n  t h e s e  u n q u a n t i f i e d  f a c t o r s .
T h e  i d e a  t h a t  e n e r g y  d e m a n d  i s  n o t  o n l y  d e t e r m i n e d  b y  t h e  f a c t o r s  
a l r e a d y  u s e d  i n  o u r  r e g r e s s i o n s ,  b u t  a l s o  b y  a  p r o d u c t i o n  f u n c t i o n ,  i s  . 
h e r e  i n v e s t i g a t e d .  L a s t l y  w e  i m p o s e  a n  " a c i d  t e s t "  t o  o u r  m o d e l ,  w h i c h  
i s ,  t o  c o m p a r e  i t s  p r e d i c t i v e  p o w e r  a g a i n s t  t h e  a c t u a l  f i g u r e s  o f  t h e  
" c r i s i s  p e r i o d "  1 9 7 1 - 7 4 .
4 . 1  S e a r c h  f o r  t h e  " B e s t "  E l a s t i c i t i e s
A  r e a l  a d v a n t a g e  t h a t  c l e a r l y  e m e r g e s  f r o m  u s i n g  p o o l i n g  i s  t h a t
w e  a r e  a b l e  t o  e s t i m a t e  o u r  r e l a t i o n s h i p  e v e n  f o r  v e r y  s h o r t  , t i m e  i n ­
t e r v a l s ,  a n d  s t i l l  d e a l  w i t h  l a r g e  s a m p l e s .  W i t h i n  t h e  t i m e  s p a n  o f  
s a y ,  s i x  y e a r s ,  o n e  e x p e c t s  s t r u c t u r a l  s h i f t s  a n d  s l o w l y  i n c r e a s i n g  
m a g n i t u d e s  l i k e  t h e  s t o c k  o f  a p p l i a n c e s ,  t o  h a v e  c h a n g e d  l i t t l e .  I n  
. s u c h  a  c a s e  w e  a r e  m o r e  l i k e l y  t o  h a v e  e s t i m a t e d  u n b i a s e d  e l a s t i c i t i e s .  
E v e n  i f  t h i s  d o e s  n o t  h a p p e n  w e  a r e  s t i l l  b e t t e r  o f f  t h a n  h a v i n g  t o  
e s t i m a t e  a  r e l a t i o n s h i p  o v e r  a  t i m e  i n t e r v a l  o f  s a y ,  t w e n t y  y e a r s .
T h u s ,  c o m p a r i s o n s  o f  ’t h e  e s t i m a t e d  r e g r e s s i o n  e l a s t i c i t i e s  b e . 1  
t w e e n  p e r i o d s  o u g h t  t o  r e f l e c t  d i f f e r e n c e s  i n  t h e  s t r u c t u r e  o f  t h e  
e c o n o m y  a n d  t h e  e n e r g y  m a r k e t .  T h i s  i m p l i e s  t h a t  c h a n g e s  i n  t h e  s t o c k  
o f  e n e r g y  u s i n g  a p p l i a n c e s  w i l l  " s h o w  u p . "  a l s o  a s  s t r u c t u r a l  s h i f t s .
A  s e a r c h  t o  t r a c e  t h e  m o v e m e n t  o f  t h e  e n e r g y  e l a s t i c i t i e s  o v e r
t i m e  i s  r e p o r t e d  i n  T a b l e  X I I I .  T h e r e ,  w e  h a v e  s u b d i v i d e d  t h e  e n t i r e
p e r i o d  i n t o  s i x  y e a r  o v e r l a p p i n g  i n t e r v a l s  w i t h  s a m p l e - s i z e  4 2  o b s e r ­
v a t i o n s  e a c h .  I n  t h i s  w a y ,  w h e n  w e  m o v e  f r o m  o n e  t o  t h e  n e x t  2 / 3  o f
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I f  i t  i s  a s s u m e d  t h a t  t h e  q u a n t i t i e s  a n d  p r i c e s  o b s e r v e d  i n  t h e  
m a r k e t  a r e  e q u i l i b r i u m  v a l u e s  t h i s  m e t h o d o l o g y  a £ > p r o x i m a t e s  t o  t h e  
c o m p a r a t i v e  s t a t i c s  a n a l y s i s  c o n c e p t  o f  t h e  e c o n o m i s t .
T h e  o v e r a l l  i m p r e s s i o n  i s  t h a t  a l l  e l a s t i c i t i e s  v a r y  f r o m  p e r i o d  
t o  p e r i o d  w h i c h  m e a n s  t h a t  t h e  e n e r g y  f u n c t i o n  i s  h i g h l y  u n s t a b l e  o v e r  
t i m e .  T h i s  i n s t a b i l i t y  i s  p r i m a r i l y  e x p r e s s e d  b y  t h e  i n c o m e  e l a s t i c i t y .  
I n  t h e  p e r i o d s  5 6 - 6 . 1  a n d  5 7 - 6 2  w e  s e e  a  d e c l i n e  o f  t h i s  e l a s t i c i t y  c o m ­
p a r e d  w i t h  1 9 5 5 - 6 0 .  T h i s  i s  p r o b a b l y  b e c a u s e  o f  i n t e r f u e l  s u b s t i t u t i o n  
r e s u l t i n g  i n  m o r e  e f f i c i e n t  f u e l s  b e i n g  u s e d .  I t  m i g h t  a l s o  b e  d u e  t o  
t e c h n o l o g i c a l  c h a n g e s  w h i c h  r e s u l t  i n  t h e  i n t r o d u c t i o n  o f  f u e l  s a v i n g  
e q u i p m e n t .  D u r i n g  t h e  s a m e  p e r i o d  t h e  p r i c e  e l a s t i c i t y  i n c r e a s e d ,  w h i c h  
a g a i n  m i g h t  b e  t a k e n  t o  r e p r e s e n t  e f f i c i e n c y  c h a n g e s .  I n  t h e  p e r i o d s  
5 8 - 6 3 ,  5 9 - 6 4 ,  6 0 - 6 5 ,  6 1 - 6 6 ,  6 2 - 6 7 ,  w e  h a v e  a  r e v e r s a l  o f  t h e  i n c o m e  
e l a s t i c i t y  t r e n d .  T h i s  i n c r e a s e  m i g h t  b e  a t t r i b u t e d  t o  t h e  r a p i d  
i n c r e a s e  o f  e l e c t r i c i t y  d e m a n d  a n d  t h e  s u b s t i t u t i o n  o f  l a b o u r  b y  c a p i t a l  
i n  p r o d u c t i o n  d u r i n g  t h i s  p e r i o d .  A t  t h e  s a m e  t i m e  p r i c e  e l a s t i c i t y  
d e c l i n e s ,  s u c c e s s i v e l y  b e c o m i n g  l e s s  a n d  l e s s  e l a s t i c .  I n  t h e  f o l l o w i n g  
p e r i o d s  6 3 - 6 8 ,  6 4 - 6 9  i n c o m e  e l a s t i c i t y  r e a c h e s  a  p l a t e a u  w h i l e  i n  6 5 - 7 0  
i t  i n c r e a s e s  a g a i n .  W e  c a n  r e c a l l  t h a t  t h e s e  l a s t  p e r i o d s  c o i n c i d e  w i t h  
t h e  " g o o d  y e a r s "  t h a t  m o s t  e c o n o m i e s  o f  t h e  W e s t  e x p e r i e n c e d  i n  t h e  l a t e  
6 0 s .  E x p a n s i o n  o f  t h e  i n d u s t r i a l  s e c t o r  c o u p l e d  w i t h  a  c h a n g e  o f  t h e  
i n d u s t r i a l  m i x  t o w a r d s  h e a v y  i n d u s t r i e s  m i g h t  h a v e  r e s u l t e d  i n  a  h i g h  
i n c o m e  e l a s t i c i t y .  I n  m o s t  c a s e s  w h e n  i n c o m e  e l a s t i c i t y  m o v e s  u p w a r d  
t h e  p r i c e  e l a s t i c i t y  m o v e s  d o w n w a r d  a n d  v i c e  v e r s a .  W e  w o u l d  a r g u e ,  
t h e n ,  t h a t  t h e  c e n t r a l  c o n c l u s i o n  d r a w n  f r o m  t h i s  c o m p a r a t i v e  s t a t i c  
a n a l y s i s  i s  t h a t  b o t h  i n c o m e  a n d  p r i c e  e l a s t i c i t i e s  i f  v i e w e d  o v e r  t i m e
the sample remains the same while 1/3 changes.*
*  S t r i c t l y  s p e a k i n g  o n e  s h o u l d  i n v e s t i g a t e  w h e t h e r  t h e  a d d i t i o n a l  o b ­
s e r v a t i o n s  b e l o n g  t o  t h e  s a m e  r e g r e s s i o n  o r  n o t ,  b y  a n  F  t e s t .  S u c h  
a  t e s t  i s  d e s c r i b e d  i n  G .  C .  C h o w  " T e s t s  o f  e q u a l i t y  b e t w e e n  s e t s  o f  
c o e f f i c i e n t s  i n  t w o  l i n e a r  r e g r e s s i o n s " .  E c o n o m e t r i c a ,  V o l . 2 8 ,  J u l y  
1 9 6 0 .  N e v e r t h e l e s s  o u r  o b j e c t i v e  i n  t h i s  a n a l y s i s  i s  t o  s e e  h o w  t h e  
r e g r e s s i o n  e l a s t i c i t i e s  " m o v e "  o v e r  t i m e  a n d  m e r e  i n s p e c t i o n  r e v e a l s  
t h a t  t h e y  d o.. H e n c e  i t  i s  d i f f i c u l t  t o  s e e  w h a t  e x t r a  i n f o r m a t i o n  a  
p r o b a b i l i t y  t e s t  w o u l d  y i e l d .
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c a p t u r e ,  a  s t r u c t u r a l  p h e n o m e n o n ,  t h e  l i k e l y  d i r e c t i o n  o f  w h i c h  w i l l  b e  
d o m i n a t e d  m a i n l y  b y  t h e  s e v e n  f a c t o r s  d i s c u s s e d  p r e v i o u s l y  ( p  2 3 ) .  
T e m p e r a t u r e  e l a s t i c i t y  i s  l e s s  v a r i a b l e  a n d  e x c l u d i n g  a  f e w  o d d  c a s e s  
( 5 6 - 6 1 ,  6 4 - 6 9 )  w e  c a n  s a y  t h a t  i t  l i e s  i n  t h e  - 0 . 3  n e i g h b o u r h o o d .  I t  
i s  w o r t h  n o t i n g  t h a t  b o t h  t h e  i n c o m e  a n d  t h e  p r i c e  e l a s t i c i t i e s  a r e  
f a i r l y  s t a b l e  f r o m  a b o u t  1 9 6 1  o n w a r d s  a t  a b o u t  + 1  a n d  - 0 . 3  r e s p e c t i v e l y .
A t  t h i s  s t a g e  w e  c a n  d o  a n  e x p e r i m e n t .  A s  a r g u e d  b e f o r e ,  n a i v e  
r e l a t i o n s h i p s  o f  t h e  e n e r g y  o n  G D P  t y p e  a r e  b a d l y  s p e c i f i e d  m o d e l s  b e ­
c a u s e  t h e y  o m i t  t h e  p r i c e  a n d  t e m p e r a t u r e  e f f e c t s .  T h i s  m e a n s  t h a t ,  
o v e r  t i m e ,  t h e s e  e f f e c t s  w i l l  p a r t i a l l y  b e  s w a l l o w e d  u p  b y  i n c o m e ,  w h i c h  
t h e n  r e p r e s e n t s  a t  l e a s t  t h r e e  d i f f e r e n t  e f f e c t s  i n s t e a d  o f  o n e .  A s  a  
r e s u l t ,  p r e d i c t i o n s  f r o m  s u c h  m o d e l s  a r e  s u s p e c t  a n d  s h o u l d  n o t  b e  r e l i e d  
u p o n .
I n  T a b l e  X I V  a n d  t h e  a c c o m p a n y i n g ,  d i a g r a m  t h e  e l a s t i c i t y  o f  e n e r g y  
w i t h  r e s p e c t  t o  i n c o m e  o v e r  t h e  p e r i o d  1 9 5 5 - 1 9 7 0  c a n  b e  c o n t r a s t e d  w h e n  
c a l c u l a t e d  w i t h  a n d  w i t h o u t  t h e  p r i c e  a n d  t e m p e r a t u r e  v a r i a b l e s .  I n  t h e  
b e g i n n i n g  o f - t h e  p e r i o d  ( 1 9 5 5 - 6 0 )  b o t h  t h e  c o m p l e t e  m o d e l  a n d  t h e  n a i v e  
o n e  h a v e  i n c o m e  e l a s t i c i t i e s  w h i c h  a r e  q u i t e  c l o s e .  F r o m  1 9 5 6  o n w a r d  
w h e n  t h e  p r i c e  e f f e c t  b e c o m e s  s t r o n g e r  a n d  s t r o n g e r  t h e  i n c o m e  e l a s t i c i t y  
o f  t h e  n a i v e  m o d e l  h a s  a  c l e a r  u p w a r d  b i a s ,  a b s o r b i n g  a p p a r e n t l y  p a r t  o f  
t h e  m i s s i n g  p r i c e  v a r i a t i o n .  I n  t h e  p e r i o d s  1 9 6 2 - 6 7  a n d  1 9 6 3 - 6 8 ,  h o w e v e r ,  
w e  s e e  a  r e v e r s a l  o f  t h i s  b i a s .  T h e  i n c o m e  e l a s t i c i t y  o f  t h e  n a i v e  m o d e l  
i s  b e l o w  t h a t  o f  t h e  m o r e  c o m p l e t e  m o d e l .  T h i s  i s  p r o b a b l y  d u e  t o , t h e  p r e ­
d o m i n a n c e  o f  t h e  t e m p e r a t u r e  e f f e c t  i n  t h i s  p e r i o d  w h i l e  p r i c e  a p p e a r s  
t o  b e  w e a k .  I n  t h e  t w o  l a s t  p e r i o d s  a s  t h e  p r i c e  e f f e c t  b e c o m e s  s t r o n g e r  
w e  o b s e r v e  a g a i n  a n  u p w a r d  b i a s  o f  t h e  n a i v e  m o d e l ' s  i n c o m e  e l a s t i c i t y .
I n  c o n c l u s i o n ,  t h e  g e n e r a l  o u t c o m e  o f  t h i s  c o m p a r i s o n  s e e m s  t o  b e  t h a t ,  
w h e n  p r i c e  a n d  t e m p e r a t u r e  a r e  e x c l u d e d  f r o m  t h e  e n e r g y  d e m a n d  m o d e l ,  
t h e n  t h e  i n c o m e  e l a s t i c i t y  t e n d s  t o  b e  m o r e  v a r i a b l e .  A l s o ,  i t  a p p e a r s  
t h a t  w h e n  t h e  p r i c e  e f f e c t  i s  s t r o n g  a n d  n e g l e c t e d  t h e  i n c o m e  e f f e c t  h a s  
a n  u p w a r d  b i a s ,  w h i l e  w h e n  t h e  p r i c e  e f f e c t  b e c o m e s  w e a k e r  t h e  i n c o m e  
e f f e c t  h a s  a  d o w n w a r d  b i a s .
4 . 2  A  T w o  E q u a t i o n s  M o d e l
I n  t h i s  s e c t i o n  t h e  p o s s i b l e  f e e d  b a c k  f r o m  e n e r g y  t o  G D P  i s  e x a m i n e d .  
W e  h a v e  a r g u e d  s o  f a r  t h a t  t h e  d e m a n d  f o r  e n e r g y  m o d e l  c a n ,  w i t h o u t  l o s s
IN
CO
M
E 
£ 
L A 
S
1 9 5 5 - 6 0
1 9 5 6 - 6 1
1 9 5 7 - 6 2
1 9 5 8 - 6 3
1 9 5 9 - 6 4
1 9 6 0 - 6 5
1 9 6 1 - 6 6
1 9 6 2 - 6 7
1 9 6 3 - 6 8  
19 6 4 - 6 9
INCOME
ELASTICITY
0 . 6 5 8 8  
( 6 . 1 1 )
0 . 6 0 3 3
( 6 . 6 8 )
0 . 7 9 2 6
( 8 . 5 4 )
1 . 0 7 6 8
( 1 0 . 7 )
1 . 1 6 7 5  
( 1 1 . 9 )
1 . 1 49 4 
( 1 - 1 . 3 )
1 . 1 08 1  
< 9 . 3 9 )
0 . 9 0 5 3
( 8 . 7 2 )
0 . 8 7 4 2
( 9 . 3 9 )
1 . 1 5 4 1
( 1 4 . 8 )
S  Q  U  A  I? F. 
0 . 9 9 / 4
0 . 9 9 / 6
0 , 9 9 7 0
0 . 9 9 6 5
0 . 9 9 6 7
0 , 9 9 6 9
0 . 9 9 6 3
0 . 9 9 7 2
0 . 9 9 7 7
0 . 9 9 8 5
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o f  g e n e r a l i t y ,  b e  t r e a t e d  i n  t h e  c o n t e x t  o f  o n e  e q u a t i o n .  N o t  a l l  i n ­
d e p e n d e n t  v a r i a b l e s  t h o u g h  c a n  b e  c o n s i d e r e d  a s  e x o g e n o u s .  I n  p a r t i ­
c u l a r  t h e  G D P  v a r i a b l e  m i g h t  w e l l  b e  c o n s i d e r e d  a s  e n d o g e n o u s .  W h e n  
w e  p u t  i t  i n  t h e  r i g h t  h a n d  s i d e  o f  t h e  e q u a t i o n  w e  t a c i t l y  m a k e  t h e  
a s s u m p t i o n  o f  o n e  w a y  c a u s a t i o n  f r o m  G D P  t o  e n e r g y  c o n s u m p t i o n  a n d  n o t  
t h e  o t h e r  w a y  r o u n d .  O u r  f u n d a m e n t a l  i d e n t i t y ,  h o w e v e r ,  t e l l s  u s  t h a t  
a t  a n y  g i v e n  p o i n t  i n  t i m e  t h e  t o t a l  a m o u n t  o f  f u e l s  c o n s u m e d  w i l l  d e ­
p i c t  t o  w h a t  e x t e n t  t h e  s t o c k  o f  a l l  e n e r g y  c o n s u m i n g  e q u i p m e n t  h a v e  b e e n  
u t i l i s e d .  A l s o ,  w e  k n o w  t h a t  ’t h e  o u t p u t  o f  t h e  e c o n o m y  i s  t h e  r e s u l t  o f  
u t i l i s i n g  m a i n l y  t w o  f a c t o r s ,  t h e  c a p i t a l  a n d  l a b o u r  s t o c k .  I n  a  w a y  
t h e n , -  t o t a l  f u e l  c o n s u m p t i o n  a p p r o x i m a t e s  t h e  u t i l i s e d  p a r t  o f  t h e  e x i s ­
t i n g  c a p i t a l  s t o c k . i n  t h e  e c o n o m y  w h i c h ,  i n  t u r n ,  d e t e r m i n e s  t o g e t h e r  
w i t h  t h e  l a b o u r  f o r c e  t h e  a g g r e g a t e  o u t p u t  o f  t h e  e c o n o m y .  W e  c a n  
i m a g i n e  t h e n  a  n e o - c l a s s i c a l  p r o d u c t i o n  f u n c t i o n  w h e r e  e n e r g y  i s  t a k e n  
a s  a  p r o x y  f o r  c a p i t a l .  T h u s ,  t h e  m o d e l  w e  e n v i s a g e  i s  o f  t h e  f o l l o w i n g  
f o r m :
E  =  f ( Y , P , T , e )
Y  =  f ( E , L , t , v )
w h e r e  a l l  v a r i a b l e s  a s  p r e v i o s u l y  d e f i n e d ,  
a n d  L  =  t h e  p o r t i o n  o f  t h e  l a b o u r  f o r c e  a c t u a l l y  i n  
e m p l o y m e n t
t  =  a  t i m e  t r e n d  t o  a c c o u n t  f o r  t h e  H i c k s i a n
c o n c e p t  o f  d i s e m b o d i e d  t e c h n o l o g i c a l  p r o g r e s s  
v  =  e r r o r  t e r m .
T h e  u s e  o f  e m p i r i c a l  p r o d u c t i o n  f u n c t i o n s  a s  a  w a y  o f  r e p r e s e n t i n g  
t h e  s u p p l y  s i d e  o f  t h e  e c o n o m y  i s  a n  o l d  t o p i c  i n  m a c r o e c o n o m i e s .  E v e r  
s i n c e  C o b b  a n d  D o u g l a s  p u b l i s h e d  t h e i r  f a m o u s  s t u d y  i n  1 9 2 8 ,  t h e  e m p i r i ­
c a l  e c o n o m i c s  l i t e r a t u r e  h a s  b e e n  f l o o d e d  w i t h  a p p l i c a t i o n s ,  o f  t h i s  
v e r y  b a s i c  n o t i o n  t o  a  n u m b e r  o f  c o u n t r i e s  a n d  s e c t o r s  w i t h i n  c o u n t r i e s .  
P e r h a p s  t h e  b e s t  s u r v e y  o f  t h e  e x i s t i n g  l i t e r a t u r e  o n  t h e  s u b j e c t  h a s  
b e e n  d o n e  b y  W a l t e r s  ( 5 8 ) .  I n  g e n e r a l ,  p r o d u c t i o n  f u n c t i o n s  d e s c r i b e  
a  t e c h n i c a l  r e l a t i o n s h i p  -  t h e  m a x i m u m  a t t a i n a b l e  o u t p u t  s u b j e c t  t o  t h e  
m a i n  i n p u t s  o f  t h e  e c o n o m y ,  c a p i t a l  a n d  l a b o u r .  I d e a l l y ,  p r o d u c t i o n  
f u n c t i o n s  r e l a t e  t o  t h r e e  f l o w  c o n c e p t s . T h e  o u t p u t  o f  t h e  e c o n o m y  ( o r  
t l i e  o u t p u t  o f  t h e  i n d u s t r i a l  s e c t o r  . i f , t h e  f u n c t i o n  i s  a p p l i e d  t o  i n d u s t r y )  
b e c o m e s  a  f u n c t i o n  o f  c a p i t a l  s e r v i c e ' s  ( i e .  t h e  u t i l i s e d  p a r t  o f  t h e  e x i s t i n g
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s t o c k  o f  c a p i t a l )  a n d  l a b o u r  s e r v i c e s  ( i e .  t h e  t i m e  w o r k e d  b y  t h e  
e m p l o y e d  p o r t i o n  o f  t h e  l a b o u r  f o r c e ) .
I n  o u r  c a s e  t h e  p r o d u c t i o n  f u n c t i o n  i s  s p e c i f i e d  s o m e w h a t  
d i f f e r e n t l y .  T h e  s e r v i c e ’s  o f  t h e  s t o c k  o f  c a p i t a l  a r e  s u p p o s e d  t o  
b e  a p p r o x i m a t e d  b y  t h e  c o n s u m p t i o n  o f  e n e r g y ,  w h i l e  l a b o u r  s e r v i c e s  
a r e  e x p r e s s e d  b y  t h e  t o t a l  n u m b e r  o f  e m p l o y e d  p e r s o n s , a s s u m i n g  t h a t  
o n  t h e  a v e r a g e  t h e  h o u r s  w o r k e d  a r e  c o n s t a n t .  T h e r e  m a y  b e  s o m e  o b ­
j e c t i o n s  t o  t h e  v a l i d i t y  o f  t h e  a s s u m p t i o n  t h a t  t o t a l  f u e l  c o n s u m p t i o n  
r e p r e s e n t s  t h e  u t i l i s e d  p a r t  o f  t h e  e c o n o m y ' s  s t o c k  o f  c a p i t a l .  T h i s  
i d e a  h o w e v e r  i s  n o t  n e w .  N i i t a m o  ( 5 9 )  h a s  u s e d  e l e c t r i c i t y  c o n s u m p t i o n  
a s  a  p r o x y  f o r  c a p i t a l  i n  e s t i m a t i n g  a  p r o d u c t i o n  f u n c t i o n  i n  F i n l a n d .  
E d m o n s o n  ( 4 2 )  a l s o  u s e d  a  s i m u l t a n e o u s  e q u a t i o n  m o d e l  o f  t h e  s o r t  w e  
a r e  d e s c r i b i n g  a n d  t o o k  e n e r g y  c o n s u m p t i o n  a s  r e p r e s e n t i n g  t h e  u t i l i s e d  
s t o c k  o f  c a p i t a l .  N e v e r t h e l e s s  t h i s  a s s u m p t i o n  i s  m o r e  v a l i d  i n  t h e  
i n d u s t r i a l  s e c t o r  r a t h e r  t h a n  t h e  d o m e s t i c  o n e .  I n  i n d u s t r y  c a p i t a l  
e q u i p m e n t  g e n e r a t e s  o u t p u t  a n d  g i v e s  r i s e  t o  f u e l  c o n s u m p t i o n .  H e n c e  
i n  t h e  f r a m e w o r k  o f  o u r  m o d e l  o u t p u t  d e p e n d s  o n  c a p i t a l  a n d  c a p i t a l  o n  
o u t p u t .  I n  -fche h o u s e h o l d  w e  c a n n o t  p o s t u l a t e  t h e  s a m e  l i n e  o f  c a u s a t i o n .  
U n d e r  s o m e  a s s u m p t i o n s ,  h o w e v e r ,  w e  c a n  a r g u e  t h a t  t h e r e  c a n  b e  a  c a u s a t i o n  
f r o m  f u e l  c o n s u m p t i o n  t o  i n c o m e .  M a n y  e c o n o m i s t s  c o n s i d e r  d u r a b l e s  a s  o n e  
f o r m  o f  s a v i n g s  w h i c h  c a n  b e  s u b s t i t u t e d  f o r  i n c o m e  i n  c a s e  o f  l i q u i d a t i o n .  
T h e r e f o r e  d u r a b l e s ,  i n t e r  a l i a ,  d e p e n d  o n  i n c o m e  a n d  t h e  l e v e l  o f  i n c o m e  
c a n  b e  a f f e c t e d  i f  d u r a b l e s  a r e  l i q u i d a t e d .
W e  f i r s t  e s t i m a t e d  t h e  p r o d u c t i o n  f u n c t i o n  i n  o r d e r  t o  s e e  w h e t h e r  
i t  i s  c o n s i s t e n t  w i t h  t h e  e x i s t i n g  t h e o r y .  T h e  1 9 6 5 - 7 0  p o o l e d  s a m p l e  
y i e l d e d  t h e  f o l l o w i n g  r e s u l t s :
& n Y  =  0 . 2 1 3 0 £ n E  +  0 . 5 7 2 0 1 & n L  +  0 . 0 2 8 7 t  H- c o n s t a n t s  
( 3 . 1 8 )  ( 2 . 8 6 )  ( 4 . 2 1 )
R 2  =  0 . 9 9 9 7
A l l  v a r i a b l e s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t .  T h e  e n e r g y  e l a s t i c i t y /  
a s  a  p r o x y  f o r  c a p i t a l ,  i s  m u c h  l o w e r  t h a n  t h e  l a b o u r  e l a s t i c i t y ,  w h i c h  
i s  t h e  u s u a l  f i n d i n g  o f  m o s t  p a s t  r e s e a r c h  o n  t h e  s u b j e c t .  T h e  t i m e  
v a r i a b l e  i s  h i g h l y  s i g n i f i c a n t  a n d  i n d i c a t e s  a n  a n n u a l  g r o w t h  r a t e  o f
2 . 9  f o r  t e c h n o l o g i c a l  p r o g r e s s ,  a g a i n  p l a u s i b l e  o n  a  p r i o r i  g r o u n d s .
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S i n c e  e a c h  e q u a t i o n  c o n t a i n s  t w o  e x o g e n o u s  v a r i a b l e s  a n d  t h e  
t o t a l  n u m b e r  o f  e n d o g e n o u s  v a r i a b l e s  i s  t w o  r w e  h a v e  e n o u g h  i n s t r u ­
m e n t s  t o  p e r f o r m  t h e  t w o  s t a g e  l e a s t  s q u a r e s  t e c h n i q u e .  I t  m u s t  b e  
r e m e m b e r e d  t h a t  t h e  f i r s t  s t a g e  ( r e d u c e d  f o r m )  i s  e q u a l  t o :
£ n l f t  =  f  ( £ n P ^ _ , & n l f t , £ n L ^ , t ,  p l u s  s e v e n  c o n s t a n t s )  
a n d  i n  t h e  s e c o n d  s t a g e  t h e  e n e r g y  f u n c t i o n s  i s  e s t i m a t e d  a s :
A
£ n E ,  =  f  ( f n \ '  , £ n P L , £ n T d , p l u s  s e v e n  c o n s t a n t s )  
t  t  t  t
w h e r e  Y  =  t h e  t h e o r e t i c a l  v a l u e s  f r o m  s t a g e  o n e .
t
W e  p r o c e e d  t h e n  i n  e s t i m a t i n g  o u r  e n e r g y  f u n c t i o n  w i t h  a  t w o  
s t a g e  l e a s t  s q u a r e s  t e c h n i q u e  a f t e r  t a k i n g  t h e  p r o d u c t i o n  e q u a t i o n  
i n t o  a c c o u n t .  T h e  r e s u l t s  ( f o r  t h e  1 9 6 5 - 7 0  p o o l e d  s a m p l e )  a r e  a s  
f o l l o w s :
& n E  =  1 . 2 7 8 8 £ n Y  -  0 . 3 0 7 1 & n P  -  0 . 2 1 8 7 & n T  +  c o n s t a n t s
( 2 S L S )  ( 1 6 . 2 )  ( 1 . 7 7 )  ( 1 . 8 9 )
w h i l e ,
& n E  =  1 . 2 7 3 2 £ n Y  -  0 . 3 0 9 3 £ n P  -  0 . 2 1 9 7 & n T  +  c o n s t a n t s
( O L S )  ( 2 0 . 8 )  ' ( 2 . 2 4 )  ( 2 . 3 9 )
C o n t r a s t i n g  t h e  e n e r g y  d e m a n d  e l a s t i c i t i e s  w i t h  t h o s e  o b t a i n e d  
b y  u s i n g  a  o n e  e q u a t i o n  m o d e l  f o r  t h e  s a m e  p e r i o d  w e  s e e  t h a t  t h e  
d i f f e r e n c e s  a r e  o n l y  m a r g i n a l .  T h i s  i s  t a k e n  t o  i m p l y  t h a t  t h e  
s i m u l t a n e i t y  b i a s  h a s  b e e n ,  d u r i n g  t h i s  p e r i o d ,  w e a k  a n d  h e n c e  e i t h e r  
m o d e l  d e s c r i b e s  t h e  r e l a t i o n s h i p  a d e q u a t e l y .  N e v e r t h e l e s s  w h e n  b o t h  
m o d e l s  w e r e  u s e d  f o r  f o r e c a s t i n g ,  a s  w e  c a n  s e e  i n  t h e  f o l l o w i n g  s e c ­
t i o n ,  t h e  s i m u l t a n e o u s  m o d e l  g a v e  s l i g h t l y  b e t t e r  p r e d i c t i o n s .
4 « 3  T e s t i n g  t h e  P r e d i c t i v e  P o w e r  o f  t h e  M o d e l s
' T h e  t e s t i n g  t h e  p r e d i c t i v e  p o w e r  o f  e c o n o m e t r i c  m o d e l s  i s  o n e
o f  t h e  m o s t  s t r i n g e n t  t e s t s  o n e  c a n  a p p l y .  I n  t h i s  f i n a l  s e c t i o n  
a l l  m o d e l s  e s t i m a t e d  s o  f a r  a n d  t w o  e x t r a  o n e s  a r e  c o m p a r e d  o n  t h e  
b a s i s  o f  t h e i r  f o r e c a s t s  f o r  t h e  p e r i o d  1 9 7 1 - 7 4 .
A l l  o u r  e l a s t i c i t i e s  h a v e  b e e n  d e r i v e d  f r o m  t h e  c o m p a r a t i v e l y  
n o r m a l  p e r i o d  1 9 5 5 - 7 0 .  W e  n o w  a p p l y  t h e  t i m e  s e r i e s  m o d e l s  a n d  t h e  
p o o l e d  o n e s  ( 1 9 6 5 - - 7 0  p e r i o d )  i n  t h e  d i s t u r b e d ,  o r  " e n e r g y  c r i s i s "
83
p e r i o d  1 9 7 1 - 7 4  ( a s s u m i n g  t h a t  t l i e  b e g i n n i n g s  o f  t h e  c r i s i s  l i e  i n  t h e  
1 9 7 0  n a t i o n a l i s a t i o n  o f  t h e  o i l  i n d u s t r y  b y  L i b y a ) . T h e  f o r e c a s t s  
m a d e  a r e  c o n d i t i o n a l  f o r e c a s t s ,  t h e  c o n d i t i o n  b e i n g  t h a t  i n  1 9 7 0  w e  h a d  
e x a c t  k n o w l e d g e  o f  t h e  v a l u e s  t h a t  t h e  i n d e p e n d e n t  v a r i a b l e s  a s s u m e d  i n  
t h e  p e r i o d  1 9 7 1 - 7 4 .  T h e r e f o r e ,  b y  p u t t i n g  t h e  k n o w n  v a l u e s  o f  i n c o m e s ,  
p r i c e  a n d  t e m p e r a t u r e s  i n t o  e a c h  e q u a t i o n ,  w e  c a l c u l a t e  t h e  " p r e d i c t e d . "  
v a l u e s  o f  e n e r g y  c o n s u m p t i o n  w h i c h  a r e  t h e n  c o m p a r e d  w i t h  t h e  a c t u a l  
o n e s . *  I t  w a s  c o n s i d e r e d  p e r t i n e n t ,  a t  t h i s  s t a g e ,  t o  i n c l u d e  i n  t h e  
c o m p a r i s o n  t w o  " n a i v e "  m o d e l s .  T h e  o n e  i s  t h e  ( p o p u l a r  i n  p r a c t i c e )  
e n e r g y  c o n s u m p t i o n  a s  a  f u n c t i o n  o f  G D P  ( e s t i m a t e d  t o  b e :  & n E  *= £ n 3 . 9 5 4 9 . 2  
4- 0 . 7 5 6 5 £ n Y )  a n d  t h e  o t h e r  i s  e n e r g y  c o n s u m p t i o n  a s  a  f u n c t i o n  o f  t i m e  
( e s t i m a t e d  t o  b e :  £ n E  =  & n l 3 . 2 7 3 2 1  4- 0 . 0 3 7 0 6 t )  .
I n  T a b l e  X V  a c t u a l  a n d  p r e d i c t e d  v a l u e s  b y  c o u n t r y  a n d  f o r  t h e  
t o t a l  E E C  a r e a  a r e  c o n t r a s t e d .  F o r  t h e  t w o  c r u c i a l  y e a r s  1 9 7 1  a n d  
e s p e c i a l l y  1 9 7 4  w h e r e  w e  h a d  s i g n i f i c a n t  p r i c e  i n c r e a s e s  o f  o i l  p r o ­
d u c t s  a n d  t h e  o v e r a l l  e n e r g y  p r i c e  i n d e x  i n c r e a s e d  c o n s i d e r a b l y ,  o n l y  
t h e  p o o l e d  m o d e l s  w e r e  a b l e  t o  c a p t u r e  t h e  p r i c e  e f f e c t . A s  a  r e s u l t ,  
a l l  m o d e l s  p r e d i c t  a n  i n c r e a s e  o f  e n e r g y  c o n s u m p t i o n  f r o m  7 3  t o  7 4  e x c e p t  
f o r  t h e  p o o l e d  o n e s .  B y  c o i n c i d e n c e ,  t h e  t i m e  s e r i e s  m o d e l s  a s  w e l l  a s  
t h e  t i m e  t r e n d  o n e  g i v e  g o o d  f o r e c a s t s  f o r  7 4 ,  b u t  t h i s  i s  a c c i d e n t a l  a n d  
d u e  t o  c a n c e l l i n g  o u t  o f  e r r o r s  b e t w e e n  c o u n t r i e s .  T h e  p o o l e d  m o d e l s  
p r e d i c t  w e l l  i n  a l l  t h e  p e r i o d ,  w h i l e  f o r  1 9 7 4  t h e  d e v i a t i o n  f r o m  t h e  
a c t u a l s  i s  o n l y  1 % .  W e  o b s e r v e  t h a t  w h e n  t h e  a s s u m p t i o n  o f  s e r i a l  c o r ­
r e l a t i o n  o f  t h e  r e s i d u a l s  i s  t a k e n  i n t o  a c c o u n t ,  a n d  t h e  i n s i g n i f i c a n t  
p r i c e  e l a s t i c i t i e s  a r e  d i s r e g a r d e d ,  t h e  t i m e  s e r i e s  m o d e l  i s  d e f i n i t e l y  
i m p r o v e d  a s  i t  g i v e s  b e t t e r  p r e d i c t i o n s . * *  T h e  m e c h a n i c a l  t i m e  t r e n d
*  S i n c e  t h e  U N  e n e r g y  s e r i e s  d i d  n o t  e x t e n t  u p  t o  1 9 7 4  w e  h a v e  u s e d  t h e  
a n n u a l  r a t e  o f  c h a n g e  o f  t h e  E E C  e n e r g y  s t a t i s t i c s  i n  o r d e r  t o  c o m p u t e  
t h e  a c t u a l  f i g u r e s  f o r  t h e  1 9 7 1 - 7 4  p e r i o d .
* *  T h i s  i s  n o t  e n t i r e l y  t r u e .  I t  h a s  b e e n  n o t i c e d  b y  r e s e a r c h e r s  t h a t  t h o s e  
m o d e l s  w i t h  a u t o c o r r e l a t i o n  p r e d i c t  c o n s i s t e n t l y  b e t t e r  t h a n  w i t h o u t  i t .
T h i s  i s  b e c a u s e  t h e r e  i s  a  l e g i t i m a t e  " c h e a t i n g "  w h e n  p r e d i c t i o n s  a r e  m a d e  
f r o m  m o d e l s  w i t h  a u t o c o r r e l a t e d  e r r o r s .  A s s u m e  a  m o d e l  w i t h  o n e  e x p l a n a ­
t o r y  v a r i a b l e  a n d  f i r s t  o r d e r  a u t o c o r r e l a t i o n  o f  t h e  r e s i d u a l s .  I t  c a n  foe 
p r o v e d  t h a t  t h e  m o s t  e f f i c i e n t  p r e d i c t i o n s  a r e  g i v e n  f r o m  Y-j- =  a + b X ^ - x - f - p e ^ ^ .
- H e n c e ,  p r e d i c t i o n s  a r e  m a d e  b y  u s i n g  t h e  l a g g e d  v a l u e  o f  t h e  r e s i d u a l  t e r m ,  
w h i c h  i s  a s  w e  k n o w  e q u a l  t o  t h e  g a p  b e t w e e n  t h e  a c t u a l  a n d  t h e  p r e d i c t e d  Y  
v a l u e .  I n  t h e  c a s e  o f  p o s i t i v e  a u t o c o r r e l a t i o n ,  w h i c h  i s  t h e  m o s t  f r e q u e n t l y  
a r i s i n g  c a s e  i n  p r a c t i c e ,  t h i s  l a g g e d  v a l u e  o f  e  w i l l  h e l p  t o  g i v e  b e t t e r  
p r e d i c t i o n s  s i n c e  e r r o r s  f o l l o w  t h e  s a m e  s i g n  p a t t e r n . .  B e s i d e s ,  t h i s  w a y  o f  
p r e d i c t i o n  C c i n n o t  b e  a p p l i e d  o u t s i d e  t h e  k n o w n  s a m p l e  p e r i o d  b e c a u s e  t h e n  t h e  
a c t u a l  v a l u e s  a r e  u n k n o w n  a n d  s o  a r e  t h e  e r r o r  v a l u e s .
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m o d e l  p r e d i c t s  c o n s i s t e n t l y  b e t t e r  t h a n  t h e  e n e r g y  o n  G D P  m o d e l .  T h i s  
i s  b e c a u s e  t h e  l a t t e r * s  e l a s t i c i t y  a b s o r b s  t h e  b i a s  a t t r i b u t e d  t o  t h e  
s t r u c t u r a l  c h a n g e s  o f  t h e  e c o n o m y ,  w h i l e  t h e  f o r m e r  i s  f r e e  f r o m  i t .
I n  f a c t  t h i s  i s  - t h e  b i g  a d v a n t a g e  t h a t  t h e  p o o l e d  m o d e l s  h a v e  o v e r  t h e  
r e s t .  W e  s a w  t h a t  i n  t h e  b e g i n n i n g  o f  t h e  p e r i o d  i n c o m e  e l a s t i c i t y  
w a s  f o l l o w i n g  a  d e c r e a s i n g  t r e n d ,  w h i l e  a t  t h e  e n d  o f  t h e  p e r i o d  a n  
i n c r e a s i n g  t r e n d .  S i n c e  a l l  m o d e l s  a r e  b a s e d  o n  t h e  e n t i r e  p e r i o d  t h e y  
p i c k  u p  a n  a v e r a g e  e l a s t i c i t y  o f  t h e  t w o  t r e n d s .  T h e  p o o l e d  m o d e l ,  
h o w e v e r ,  b a s e d  o n  t h e  l a t e s t  p e r i o d . 6 5 - 7 0  r e f l e c t s  t h e  s t r u c t u r e  o f  t h e  
e c o n o m y  b e f o r e  i t  i n c u r s  a n y  s i g n i f i c a n t  c h a n g e .  T h u s ,  i t  i s  n a t u r a l  
• t h a t  i t  p r o d u c e s  b e t t e r  p r e d i c t i o n s .
C o n c e n t r a t i n g  o n  t h e  r e s u l t s  o f  t h e .  p o o l e d  m o d e l s  w e  c a n  c o n c l u d e  
t h a t  h a d  w e  k n o w n  t h e  p r i c e  e l a s t i c i t y  o f  e n e r g y ,  t h e  r e d u c t i o n s  i n  
e n e r g y  c o n s u m p t i o n  f o r  t h e  E E C  a r e a  a s  a  w h o l e  w o u l d  h a v e  b e e n  a n t i c i ­
p a t e d .  T h e  l a s t  t e s t  o n  p r e d i c t i o n s  r e v e a l e d  t h a t  a p p a r e n t l y  n o t h i n g  
f u n d a m e n t a l l y  c h a n g e d  i n  t h e  e n e r g y  m a r k e t  d u r i n g  t h e  c r i s i s  p e r i o d  e x ­
c e p t  t h a t  p r i c e  a n d  i n c o m e  c h a n g e s  w e r e  l a r g e r  t h a n  i n  e a r l i e r  p e r i o d s .  
T h e  p o o l e d  m o d e l  s u g g e s t s  t h a t  a l l  w e  s e e m  t o  h a v e  e x p e r i e n c e d  w a s  a  
m o v e m e n t  a l o n g  t h e  d e m a n d  c u r v e  d u e  t o  t h e  p r i c e  i n c r e a s e s  b u t  n o t  a  
s h i f t  o f  i t .
4 . 4  D e m a n d  f o r  E n e r g y  i n  t h e  D o m e s t i c  a n d  I n d u s t r i a l  S e c t o r s
T o t a l  d e m a n d  f o r  e n e r g y  c a n  b e  d i v i d e d  f u r t h e r  i n t o  t h e  d e m a n d  
i n  t h e  d o m e s t i c  s e c t o r  a n d  t h e  d e m a n d  i n  t h e  i n d u s t r i a l  s e c t o r .  ( T h e  
d e m a n d  o f  t h e  t r a n s p o r t a t i o n  s e c t o r  i s  c h i e f l y  d e m a n d  f o r  m o t o r  g a s o l i n e  
w h i c h  i s  i n v e s t i g a t e d  i n  C h a p t e r  F i v e ) .
T h e  m o d e l  u s e d  a n d  t h e  r e s u l t s  o b t a i n e d  f o r  t h e  d o m e s t i c  s e c t o r  
h a v e  b e e n  d e r i v e d  f r o m  a  s t u d y  b y  K a f a s . *  T h e  r e s u l t s  r e l a t e  t o  a  
c o v a r i a n c e  m o d e l  w h i c h  i s  s p e c i f i e d  a s
A
J L n D ,  =  a ,  f t n Y  - i - a „ £ n P J + a . , & n T 1 + c o n s t a n t s  
t  1  t  2  t  3  t
*  A  K a f a s  " D e m a n d  f o r  E n e r g y  i n  E E C  b y  t h e  D o m e s t i c  S e c t o r :  1 9 6 0 - 7 4 "  
U n p u b l i s h e d  M S c  D i s s e r t a t i o n ,  U n i v e r s i t y  o f  S u r r e y ,  E n g l a n d ,  1 9 7 6 .
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w h e r e  D  =  e n e r g y  c o n s u m p t i o n  p e r  h e a d  i n  t o n s  o f  o i l  e q u i v a l e n t  
i n  t h e  d o m e s t i c  s e c t o r  
Y  =  n a t i o n a l  d i s p o s a b l e  i n c o m e  p e r  h e a d  i n  c o n s t a n t  1 9 6 7  
U S $
P  -  P r i c e  i n d e x  ( b a s e d  o n  F i s h e r ' s  p r i n c i p l e )  o f  p r i m a r y  
f u e l s  ( o i l ,  c o a l ,  n a t u r a l  g a s )  i n  c o n s t a n t  1 9 6 7  U S $
T  =  a v e r a g e  a n n u a l  t e m p e r a t u r e  i n  b i g  c i t i e s .
F o l l o w i n g  t h e  s a m e  l i n e  o f  r e a s o n i n g  a s  b e f o r e ,  t h e  e n t i r e  p e r i o d  
i s  d i v i d e d  i n t o  a  n u m b e r  o f  s m a l l e r  o v e r l a p p i n g  s u b p e r i o d s  a n d  p r e d i c ­
t i o n s  a r e  m a d e  f r o m  t h e  l a s t .  T h e  r e s u l t s  a r e  s h o w n  o n  T a b l e  X V I .  U n ­
f o r t u n a t e l y ,  h e r e  w e  d o ,  n o t  h a v e  t h e  s a m e  l o n g  p e r i o d  a s  f o r  t o t a l  e n e r g y  
( d u e  t o  l a c k  o f  d a t a ) . T h e  v a r i a b i l i t y  o f  t h e  c o m p u t e d  e l a s t i c i t i e s  t h e n ,  
c a n n o t  b e  a s s e s s e d  p r o p e r l y .  N e v e r t h e l e s s  w e  s e e  a g a i n  t h e  s a m e  u p w a r d  
t r e n d  o f  i n c o m e  e l a s t i c i t y  w h i c h  i n  t h e  l a s t  p e r i o d  i s  i n  t h e  1 . 3  a r e a .
T h e  p r i c e  e l a s t i c i t y  i s  i n  t h e  f i r s t  f o u r  p e r i o d s  i n  t h e  r a n g e  o f  - 0 . 2 5  
t o  - 0 . 3 5  a n d  i t  b e c o m e s  m u c h  m o r e  s i g n i f i c a n t  i n  t h e  l a s t ,  w h e r e  i t  i s  
a p p r o x i m a t e l y  - 0 . 5 .  T e m p e r a t u r e  e l a s t i c i t y  i s  q u i t e  h i g h  i n  t h e  f i r s t  
t h r e e  p e r i o d s  b u t  i t  d r o p s  a b r u p t l y  i n  t h e  l a s t  t w o .  O n e  w o u l d  e x p e c t
i t  t o  b e  a  l o t  m o r e  s t a b l e  t h a n  t h a t .  T h e  e x p l a n a t i o n  m a y  b e  m o r e
* 9
t e c h n i c a l  r a t h e r  t h a n  e c o n o m i c .  I f  i n  a n  e q u a t i o n  t h e  v a l u e  o f  R
i s  v e r y  h i g h  ( i n  o u r  c a s e  c l o s e  t o  1 )  , t h e n  t h e  i n c r e a s e  o f  o n e  p a r a -
m e t e r  w o u l d  n e c e s s i t a t e  t h e  d e c r e a s e  o f  a n o t h e r  o n e ,  b e c a u s e  t h e r e  i s
s i m p l y  n o  " r o o m "  l e f t  f o r  a n y  e x t r a  v a r i a t i o n .
T h e  p r e d i c t i o n s  m a d e *  f r o m  t h e  1 9 6 5 - 7 0  m o d e l  a r e  g e n e r a l l y  g o o d
*  A s  s e e n  i n  t h e  t a b l e  t h e  E E C  f i g u r e  d o e s  n o t  r e p r e s e n t  t h e  p e r  h e a d  
c o n s u m p t i o n  i n  E E C  b u t  t h e  s u m  o f  e i g h t  p e r  h e a d  f i g u r e s  e a c h  o n e  
b e l o n g i n g  t o  a  d i f f e r e n t  c o u n t r y .  T h e  i n t e r p r e t a t i o n  o f  s u c h  a  . f i g u r e  
i s  t h a t  i s  e x p r e s s e s  a  f a m i l y  i n c o m e  r a t h e r  t h a n  t h e  i n c o m e  o f  t h e  
a v e r a g e  i n d i v i d u a l .  T h e  c o n c e p t  o f  t h e  f a m i l y  t h e n  n e c e s s a r i l y  i n ­
c l u d e s  e i g h t  m e m b e r s  e a c h  o n e  f r o m  a  d i f f e r e n t  c o u n t r y .  S u c h  a  c o n ­
v e n t i o n  w a s  n e c e s s a r y  b e c a u s e  t h e  m o d e l  w a s  e x p r e s s e d  o n  a  p e r  c a p i t a  
b a s i s ,  a n d  a l t h o u g h  i n  t h e  c a s e  o f  t h e  a c t u a l s  a  p e r  c a p i t a  c o n s u m p t i o n  
f o r  E E C  i s  e a s y  t o  c a l c u l a t e ,  f o r  t h e  c a s e  o f  p r e d i c t e d  i t  i s  n o t .  I n  
f a c t  w h a t  t h e  m o d e l  p r e d i c t s  i s  t h e  v a l u e  o f  t w o  v a r i a b l e s  a n d  n o t  o f  
o n e . .  H e n c e  w e  d o  n o t  k n o w  w h a t  t h e  p r e d i c t e d  p e r  c a x o i t a  o i l  c o n s u m p t i o n  
f o r  E E C  i s ,  b u t  o n l y  f o r  e a c h  c o u n t r y ,  a n d  t h e  o v e r a l l  f o r e c a s t i n g  p e r ­
f o r m a n c e  o f  t h e  m o d e l  c a n n o t  b e  a s s e s s e d .
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T  I M  E I N C O M E P R I C E T  F M P E R , R
I N T E R V A L E L A S T I C I T Y E L A S T I C I T Y E L A S T I C I T Y S Q U A R E
1 9 6 1 “ 6 6 0 . 8 4 1 1 - 0 . 3 0 2 2 " 0 . 8 2 1 - 2 0 . 9 9 3 0
( 6 , 2 9 ) ( 2 . 8 1 ) ( 7 . 8 4 )
1 9 6 2 - 6 7 0 , 7 6 8 6 “ 0 , 3 6 0 6 - 0 . 5 3 8 8 0 . 9 8 9 0
( 3  „ 7  0  ) ( 3 . 1 1 ) ( 2 . 7 3 )
1 9 6 3 - 6 8 0 , 8 7 3 7 - 0 , 2 9 5 6 “ 0 , 5 8 3 9 0 . 9 8 8 5
( 4 , 7 6 ) . ( 2 . 5 6 ) ( 3 . 1 4 )
1 9 6 4 - 6 9 1 . 2 4 9 2 - 0 , 2 4 4 9 " 0 . 1 2 3 1 0 , 9 9 3 7
( 1 1 , 2 ) ( 2 , 6 4 ) ( 0 . 8 0 )
1 9 6 5 - 7 0 1 , 2 9 0 2 " 0 . 4 8 8 2 = 0 . 1 0 9 3 0 . 9 9 4 8
( 1 5 . 5 ) ( 4 . 7 4 ) ( 1 . 0 4 )
D E M A N D  F O R  E N E R G Y  I N  T H E  D O M E S T I C  S E C T O R  1 9 6 5 - 1 9 7 0
A C T U A L  P R E D I C T E D  E R R O R  A C T U A L  P R E D I C T E D
%
1 9  7 1 1 9 7 1 1 9 7 3 1 9 7 3
T 5 2 2 2 . 6 4 4 3 3 . 2 - 1 5 . 1 T 5 7 6 6 , 1 4 8 3 7 . 9
N 1 2 6 7 6 . 3 1 1 5 1 4 . 8 - 9 . 2 N 1 4 9 7 7 , 7 1 3 1 7 9 . 5
F 8 0 7 4 . 1 6 9 6 9 . 1 - 1 3 . 7 F 9 7 6 9 . 8 8 0 6 0 . 8
D 1 6 2 9 0 . 3 1 6 3 5 5 . 8 0 . 4 f> 1 6 5 6 0 . 6 1 8 9 9 8 . 8
G 1 1 2 4 8 , 7 1 1 9 6 5 . 7 6 , 6 G 1 1 9 8 8 . 1 1 1 8 8 8 . 1
Bl. 1 1 5 5 8 . 4 1 2 9 0 4 . 3 1 1 . 6 0  L 1 2 9 7 7 . 3 1 4 7 3 5 , 4
U K 9 2 2 1  . 4 9 5 1 6 . 6 3 . 2 U K 9 6 1 2 . 6 1 0 5 3 5 . 2
E E C 7 4 2 9 1 . 8 7 3 6 5 9 . 5 - 0 . 9 E  E  C 8 1 6 5 2 . 2 8 2 2 3 5 . 7
1 9 7 2 1 9 7 2 1 9 7 4 1 9 7 4
T 5 6 0 8 . 1 4 7 9 5 . 2 - 1 4 . 5 T 5 7 6 2 . 5 3 8 8 2 . 6
N 1 4 5 5 3 , 6 1 3 3 4 8 . 6 - 8 . 3 N 1 3 6 6 0 . 5 1 1 2 6 0 , 4
F 8 8 0 8 . 5 7 6 6 7 . 3 - 1 2 . 9 F 9 0 1 9 . 2 6 4 3 4 , 9
D 1 6 5 7 3 . 1 1 8 6 4 8 , 3 1 2 . 5 D 1 4 4 3 5 , 6 1 6 1 7 5 . 2
G. 1 1 4 1 7 , 2 1 2 8 3 4 . 8 1 2 . 6 G 1 0 5 9 9 . 5 9 5 9 8 . 9
B L 1 2 6 1 4 . 3 1 4 3 8 7 . 9 1 4 , 1 B L 1 1 9 3 9 . 0 1 3 6 9 8 . 9
U K 9 3 5 1  . 3 9 8 7 5 . 4 5 . 6 U K 9 4 8 8 . 0 9 8 5 6 , 8
E E C 7 8 9 2 6 . 1 8 1 5 5 7 . 5 3 . 3 E E C 7 4 9 0 4 , 3 7 0 9 0 7 . 7
M O D E L
ERROR
%
1 6 . 1
1 2 . 0
1 7 . 5  
1 4 . 7  
-  0 . 8
1 3 . 5  
9 . 6
0 . 7
3 2 . 6
1 7 . 6
2 8 . 7  
1 2 . 1  
- 9 . 4
1 4 . 7  
3 . 9
"5,3
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b u t  f o r  t h e  c r u c i a l  y e a r  1 9 7 4  t h e y  a r e  n o t  a s  g o o d  a s  t h e  o n e  o b t a i n e d  
f o r  t o t a l  e n e r g y .  T h e  f a c t  t h a t  t h e  m o d e l  u n d e r  p r e d i c t s  b y  a b o u t  5 %  
m i g h t  b e  t a k e n  t o  i m p l y ,  e i t h e r  t h a t  t h e  p r i c e  e l a s t i c i t y  i s  t o o  h i g h  
o r  t h a t  t h e  i n c o m e  e l a s t i c i t y  i s  t o o  l o w  o r  b o t h .  T h i s  i n  t u r n  l e a d s  
t o  t h e  s u g g e s t i o n  t h a t ,  o t h e r  f a c t o r s  n o t  e x p l i c i t l y  a l l o w e d  f o r  i n  t h e  
m o d e l  a r e  s p u r i o u s l y  d i s t o r t i n g  t h e  e s t i m a t e d  e l a s t i c i t i e s .  B e s i d e s  a n y  
s t r u c t u r a l  c h a n g e s  t h a t  m i g h t  h a v e  o c c u r e d  i n  t h e  d o m e s t i c  s e c t o r ,  t h e  
m o s t  l i k e l y  m i s s i n g  f a c t o r  i s  e x p e c t a t i o n s .
B e f o r e  d r a w i n g  a n y  f u r t h e r  c o n c l u s i o n s  w e  s h o u l d  s e e  h o w  t h e  s t a t i c  
m o d e l  p e r f o r m s  i n  t h e  i n d u s t r i a l  s e c t o r .  H e r e  t h e  i d e a  t h a t  t h e  e n e r g y  
f u n c t i o n  c a n  m o r e  p r o p e r l y  b e  e s t i m a t e d  v i a  a  s i m u l t a n e o u s  r e l a t i o n s h i p  
i s  i m p l e m e n t e d  a g a i n .  I t  i s  m o r e  c o r r e c t  t o  t a l k  a b o u t  t h e  r e l e v a n c e  
o f  a  p r o d u c t i o n  f u n c t i o n  ‘i n  t h e  i n d u s t r i a l  s e c t o r  b e c a u s e  i t  i s  i n  t h i s  
s e c t o r  t l i a t  t h e  c o m b i n a t i o n  o f  l a b o u r  a n d  c a p i t a l  s e r v i c e s  y e i l d  o u t p u t .  
H e n c e ,  o u r  b a s i c  a s s u m p t i o n  i s  t h a t  i n d u s t r i a l  e n e r g y  c o n s u m p t i o n  a p p r o x i ­
m a t e s  c a p i t a l  s t o c k  s e r v i c e s  i n  t h i s  s e c t o r .
T h e  m o d e l  e s t i m a t e d  w a s  a g a i n  o f  t h e  c o v a r i a n c e  t y p e  a s  f o l l o w s
£ n l .  =  b .  J L n C i  + b , + n P + b ~ £ n T . H - c o n s t a n t s  
t  1  t  2  t  3  t
A
ZnO’^ =  c ,  J L n l ,  + c ~ £ n l Y + c - t - l - c o n s t a n t s  
t  1  t  2  t  3
w h e r e  I  =  c o n s u m p t i o n  o f  e n e r g y  i n  m i l l i o n  t o n s  o i l
e q u i v a l e n t  i n  t h e  i n d u s t r i a l  s e c t o r  
0  =  v a l u e  o f  i n d u s t r i a l  o u t p u t  i n  c o n s t a n t  1 9 6 3  
U S $  ( s e e  e x p l a n a t o r y  n o t e  o n  p l 2 6 )
P  =  p r i c e  i n d e x  ( b a s e d  o n  F i s h e r ' s  p r i n c i p l e )  o f  
p r i m a r y  f u e l s  ( o i l ,  c o a l ,  n a t u r a l  g a s )  i n  c o n ­
s t a n t  1 9 6 3  U S $
T  =  a v e r a g e  a n n u a l  t e m p e r a t u r e  i n  b i g  c i t i e s  
L  =  e m p l o y e e s  i n  e m p l o y m e n t  ( i n  t h o u s a n d s )  i n  t h e  
m a n u f a c t u r i n g  s e c t o r  
t . =  t i m e  t r e n d
I n  T a b l e  X V I I  t h e  e l a s t i c i t i e s  o f  t h e  i n d u s t r i a l  d e m a n d  f o r  
e n e r g y  a r e  r e p o r t e d  a n d  t h e  e s t i m a t i o n  t e c h n i q u e s  a r e  b o t h  o r d i n a r y  
l e a s t  s q u a r e s  a n d  t w o  s t a g e  l e a s t  s q u a r e s .  T h e  o v e r a l l  i m p r e s s i o n
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  T A B L F XVII
DEMAND FOR ENERGY IN THE .INDUSTRIAL SECTOR
P E R T  0 D
I N C O M b *
B L A S T .
P  R  I C 
B L A S T .
T E M P E R .
B L A S T .
R
S  Q  U  A  R  E
' o i : r ~ “ T O  3* 4 7  
( 9 8 . 5 )
" “ 7 4  j 6  3  
( 3 . 7 0 )
^ 0 . 1 2 0 ™
( 1 . 0 1 )
0  . 9 9 8 1
6 1  -  6  6  2  S  L  S 1 . 0 3 4 8  
( 9 1 . 6 )
0 . 4 1 6 0
( 3 . 4 4 )
- 0 . 1 2 1 0
( 0 . 9 4 )
OS. S 1 . 0 3 4 1  
( 1 7 . 9 )
- 0 . 0 1 1 4
( 0 . 0 2 )
0 . 7 2 0 ?
( 3 . 2 8 )
0  . 9 8 7 0
6  2 - 6 7  2  S  I. S 1 . 1 1 0 6  
( 2 2 . 8 )
- 0 . 1 1 6 ?
( 0 . 3 1 )
0 . 7 6 9 3  
( 4 . 3 7 )
O L S 0 . 9 5 0 8
( 7 . 2 8 )
0 . 1 5 6 4
( 0 . 9 3 )
- 0 . 3 1 6 6  
( 1 . 7 2 )
0 . 9 9  7 9
6 3 - 6 8  2 S L S 0  , 9  7  5  7  
( 6 . 3 ? )
- 0 . 0 4 3 5
( 0 ; 6 3 )
- 0 . 3 2 1 1  
( 1 . 6 8 )
O L S
-r  ,vr*jr»* *i.irer-nrr * *--- it.— v ~~ ikcmaim
0 . 8 6 1 2  - 0 . 3 8 0 5  
( 1 1 . 6 )  ( 2 , 4 ? )
" 0  . 1 0 9 2  
( 0 . 6 3 )
0 . 9 9 8 6
6 4 - 6 9  2 S L S 0 . 8 2 9 3  
( 8 . 1 6 )
- 0 ,  3 9 9 9  
( 1 . 9 5 )
- 0 . 0 9 6 9
( 0 . 4 3 )
O L S 0 . 9 5 7 1
( 1 3 . 8 )
■ - 0 .  3 0 8 4  
( 2 . 0 4 )
- 0 . 2 0 3 3
( 1 . 5 1 )
0 . 9 9 8 5
6 5 - 7 0  2  S  L S 0 . 9 6 9 5
( 1 1 . 9 )
- 0 . 3 1 3 7  
( 1 . 8 4 )
- 0 . 1 9 8 3  
< 1 . 3 1  )
i s ,  t h a t  t h e  m o d e l  d o e s  n o t  s e e m  t o  w o r k  u p  t o  1 9 6 8  a n d  t h a t  t h e  2 S L S  
e l a s t i c i t y  t e n d s  * t o  c a p t u r e  t h e  s i g n  a n d  t h e  s i z e  o f  t h e  p r i c e  e l a s t i ­
c i t y  b e t t e r .  T h e  r e a s o n  w h y  i n  t h e  f i r s t  t h r e e  p e r i o d s  t h e  m o d e l  a s ­
s u m e s  t h e  w r o n g  s i g n  e i t h e r  i n  t h e  e l a s t i c i t y  o f  p r i c e  o r  i n  t e m p e r a t u r e  
i s  q u i t e  i n e x p l i c a b l e ,  e s p e c i a l l y  a t  t h i s  l e v e l  o f  a g g r e g a t i o n  a n d  w i t h  
t h e  s t a t i c  s p e c i f i c a t i o n .  F o r t u n a t e l y  f o r  t h e  l a s t  t w o  p e r i o d s  t h e  m o d e l  
w o r k s  a g a i n  a n d  t h e  p r i c e  e l a s t i c i t y  a s s u m e s  t h e  r i g h t  s i g n  a n d  e x p e c t e d  
s i z e .  I n  t h e s e  p e r i o d s  i n c o m e  e l a s t i c i t y  i s  a p p r o x i m a t e l y  i n  t h e  r a n g e  
0 . 8  t o  1 ,  a n d  p r i c e  e l a s t i c i t y  i n  - 0 . 3  t o  - 0 . 4 .  T e m p e r a t u r e  e l a s t i c i t y  
i s  v a r i a b l e  a s  i n  t h e  d o m e s t i c  s e c t o r  b u t  l e s s  s i g n i f i c a n t .  A s  i n  m a n y  
o t h e r  c a s e s  t h e  m o s t  o n e  s h o u l d  e x p e c t  f r o m  t h i s  v a r i a b l e  i s  t h e  r i g h t  
s i g n .
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TA B L E  X V t U
1 9 6 6 “ 7 0  I N D U S T R I A L  S E C T O R
O L S % 2 S L S %
A C T U A L  
_  .19 71
P R E D I C T  Ii D E R R O R P R E D I C T E D E R R O R
I ~”~ 3 7  ^  01 3 5 . 9 9 - 2 . 8 3 6  . 0 6 “ 2 . 6
N 1 1 . 4  5 11 . 8 5 3 . 5 11 . 8 9 3 . 8
F 4 6 , 6 9 4 7 ,  7 7 2 . 3 4 7 . 8 2 2 . 4
D 3 . 2 8 3 . 0 8 - 6 . 1 3 . 0 9 “ 5 . 8
G. 6 6 .  3 ? 6 7 . 6 4 2 . 0 6 7 . 7 4 2 . 1
B L 1 6 . 9 4 1 5 . 6 0 “ 7 . 9 1 5 . 6 1 “ 7 . 9
U K 5 4 . 6 1 5 4 . 1 4 “ 0 . 9 5 4 . 0 7 - 1 . 0
E E C 2 3 6 . 3 0 2 3 6 . 0 7 . - 0 . 1 2 3 6 . 2 8 0 . 0
1 9 7 ?
I 4 0 . 1 5 3 8 . 8 6 - 3 . 2 3 8 . 9 8 - 2 . 9
N 1 3 . 5 4 1 3 . 7 5 1 .6 1 3 . 8 2 2 . 1
F 4 6 . 2 7 5 2 . 6 6 1 3 . 8 5 2 . 7 9 1 4 . 1
D 3 . 6 1 3 . 4 8 - 3 . 6 3 . 4 9 - 3 . 3
G 6 8 . 6 8 7 3 . 0 8 6 . 4 7 3 , 2 2 6 . 6
B L 1 8 . 2 3 1 7 . 2 0 - 5 . 7 1 7 . 2 3 “ 5 . 5
U K 5 4 . 9 5 5 7 . 0 5 3 . 8 5 7 .  0 9 3 . 9
E E C 2 4 5 . 4 3 2 5 6 . 0 8 4 . 3 2 5 6 . 6 2 4 , 6
1 9  7 3
I 4 3 . 1 5 4 2 .  3 5 - 1  .9 4 2 , 5 6 - 1 . 4
N 1 4. 4 7 1 4 . 7 0 1 .6 1 4 . 7 9 2 . 2
F 4 8 . 9 4 5 6 .  1 2 1 4 . 7 5 6 .  3 6 1 5 . 2
D 3 . 2 9 3 . 6 5 1 0 . 9 3 . 6 6 1 1 , 2
G 7 5 . 5 2 7 7 . 8 4 3 . 1 7 8 . 1 5 3 . 5
B L 1 9 . 2 7 1 8 .  0 9 - 6 . 1 1 8 . 1 5 - 5 . 8
U K 5 8 . 1 5 6 2 . 1 8 6 . 9 6 2 . 3 1 7 . 2
E E C 2 6 2  . 7 9 2 7 4 . 9 3 4 . 6 2 7 5 . 9 8 5 . 0
1 9 74
I 4 3 . 6 6 3 8 .  7 0 - 1 1 . 4 3 8 . 8 0 - 1 1 . 1
N 1 5 . 4 0 1 2 . 4 4 “ 1 9 . 2 1 2 . 4 8 - 1 9 . 0
F 4 9  . 5 6 4 9  . 6 2 0 . 1 4 9 . 7 1 0 . 3
D 2 , 6 6 2 . 9  5 1 0 . 9 2 . 9 ? 1 1 . 7
G 7 7 . 0  5 7 0 .  41 - 8 . 6 7 0 .  5 9 “ 8 , 4
B L 1 9 . 9 1 1 7 . 6 4 - 1 1 . 4 1 7 . 6 8 - 1 1 . 2
U K 5 3 . 6 2 5 8 . 6 5 9 . 4 5 8 .  7 2 9 . 5
E E C 2 6 1 , 8 6 2 5 0 . 4 1 “ 4 . 4 2 5 0 . 9 5 - 4 . 2
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B a s e d  o n  t h e  1 9 6 5 - 7 0  m o d e l ,  c o n d i t i o n a l  f o r e c a s t s  ( T a b l e  X V I I I )  
f o r  t h e  1 9 7 1 - 7 4  p e r i o d  a r e  m a d e .  E x c e p t  f o r  1 9 7 1  w h e r e  p r e d i c t i o n s  
a r e  e x t r e m e l y  g o o d  ( z e r o  e r r o r  w h e n  2 S L S  i s  u s e d ) , i n  t h e  r e s t  o f  t h e  
y e a r s  t h e  p e r c e n t a g e  e r r o r  o f  f o r e c a s t  i s  a r o u n d  4 .  I t  i s  i n t e r e s t i n g ,  
t o  r i o t e  t h a t  i n  t h e  t w o  y e a r s  w h e r e  w e  h a d  s h a r p  p r i c e  i n c r e a s e s  ( 1 9 7 1  
a n d  1 9 7 4 )  t h e  2 S L S  p r e d i c t i o n s  a r e  m a r g i n a l l y  b e t t e r  t h a n  t h e  O L S  o n e s ,  
w h i l e  f o r  t h e  t w o  r e l a t i v e l y  " n o r m a l "  y e a r s  ( 1 9 7 2  a n d  1 9 7 3 )  t h e  O L S  
p r e d i c t i o n s  a r e  b e t t e r .  A s  i n  t h e  d o m e s t i c  s e c t o r  t h e  m o d e l  u n d e r  
p r e d i c t s  a c t u a l  c o n s u m p t i o n  i n  1 9 7 4 .  T h e  s a m e  a r g u m e n t s  t h e n ,  a b o u t  
a  m i s s i n g  v a r i a b l e  ( e x p e c t a t i o n s )  m i g h t  h o l d  a g a i n .
4 . 5  C o n c l u d i n g  R e m a r k s
I n  a n  e f f o r t  t o  f i n d  a  r e a l i s t i c  s e t  o f  e l a s t i c i t i e s  f o r  t h e  • •
d e t e r m i n i n g  f a c t o r s  o f  e n e r g y  d e m a n d  t h e  a n a l y s i s  w a s  s w i t c h e d  f r o m  
t i m e  s e r i e s  t o  p o o l e d  d a t a .  T h e  m a i n  i n a d e q u a c i e s  o f  m o d e l s  b a s e d  
o n  t i m e  s e r i e s  a r i s e  b e c a u s e  o f  t h e  u s e  o f  s m a l l  s a m p l e s  a n d  t h e  e x i s ­
t e n c e  o f  c o l l i n e a r i t y  a m o n g  i n d e p e n d e n t  v a r i a b l e s .  B o t h  t h e s e  i n v a l i ­
d a t e  t h e  u s e f u l n e s s  o f  r e g r e s s i o n  e s t i m a t e s .  H o w e v e r ,  i f  p o o l i n g  o f  
t i m e  s e r i e s  a c r o s s  s e v e r a l  r e g i o n s  i s  p e r f o r m e d  t h e s e  p r o b l e m s  a r e  
g r e a t l y  s i m p l i f i e d  a n d  t h e  e s t i m a t e d  e l a s t i c i t i e s  b e c o m e  s i g n i f i c a n t l y  
m o r e  r e l i a b l e .
M o s t  e c o n o m i s t s  a g r e e  t h a t  t h e  d y n a m i c  a p p r o a c h  i n  e c o n o m i c s  i s  • 
m o r e  a d e q u a t e  t h a n  t h e  s t a t i c  o n e .  N e v e r t h e l e s s ,  o u r  a p p r o a c h  w a s  a  
s t a t i c  o n e  f o r  t h e  f o l l o w i n g  r e a s o n .  D y n a m i c  a n a l y s i s  i m p l i e s  t h e  
i n t r o d u c t i o n  o f  l a g g e d  v a r i a b l e s ;  s i n c e  l a g s  " c a r r y  o v e r "  p r i c e  e x p e c ­
t a t i o n s  w h i c h  a r e  o f  a  d i f f e r e n t  f o r m  f o r  e a c h  f u e l  w e  w o u l d  h a v e  
w r o n g l y  a v e r a g e d  t h e m  o u t  u n d e r  t h e  s a m e  l a g  s t r u c t u r e .  M o r e o v e r ,  a  
d y n a m i c  e l e m e n t  i s  i m p l i c i t  i n  o u r  a n a l y s i s  w h e n  t h e  e n t i r e  p e r i o d  i s  
d i v i d e d  i n t o  a  n u m b e r  o f  s u b s a m p l e s  a n d  t h e  m o v e m e n t  o f  e l a s t i c i t i e s  
o v e r  t i m e  i s  o b s e r v e d .
A  n u m b e r  o f  s t r u c t u r a l  p r o b l e m s  w a s  i d e n t i f i e d  a n d  i t  w a s  a s s u m e d  
t h a t  t h e s e  a r e  r e s p o n s i b l e  f o r  t h e  i n s t a b i l i t y  o f  t h e  e l a s t i c i t i e s  i n  
d i f f e r e n t  t i m e  p e r i o d s .  I n  t h e  l a t e s t  p e r i o d s  t h e  e l a s t i c i t i e s  o b t a i n e d  
d e p i c t e d  a  m a r k e d  s t a b i l i t y ,  p o s s i b l y ,  o n e  m i g h t  s a y ,  b e c a u s e  a s  e c o n o m i e s  
m a t u r e  a n d  b e c o m e  s a t u r a t e d  i n  t h e i r  s t o c k  o f  d u r a b l e s  t h e  e n e r g y  f u n c t i o n  
b e c o m e s  m o r e  s t a b l e .  T h e  p r e d i c t i o n s  o f  t o t a l  e n e r g y  i n  t h e  " c r j s i s "
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p e r i o d  w e r e  r e m a r k a b l y  c l o s e  t o  t h e  a c t u a l  o n e s  a n d  i n  t h e  c r u c i a l  
y e a r  1 9 7 4  t h e  e r r o r  w a s  o n l y  1 % .  T h i s  i s  n o t  s u r p r i s i n g  i n  v i e w  o f  
t h e  f a c t  t h a t  a l t h o u g h  i n  t h e  p r e - c r i s i s  p e r i o d  t h e  v a r i a t i o n  o f  f u e l  
p r i c e s  w a s  v e r y  s l i g h t  w i t h i n  c o u n t r i e s  i t  w a s  q u i t e  b i g  b e t w e e n  c o u n ­
t r i e s .  A s  t h e  f o l l o w i n g  c r o s s - s e c t i o n  o f  f u e l  p r i c e s  i n d i c a t e ,  i n  1 9 5 5  
t h e  p r i c e  v a r i a t i o n  b e t w e e n  e g .
E n e r g y  P r i c e  I n d e x  i n  
1 9 6 3  U S $  p e r  T o n  o f  O i l  E q u i v a l e n t s
I t a l y N e t h . F r a n c e D e n m . F R . G e r . B / L U . K .
1 9 5 5 8 1 . 3 5 1 . 0 6 7 . 8 7 1 . 3 4 8 . 2 4 7 , 5 4 2 . 9
1 9 6 2 6 2 . 9 4 9 . 0 6 9 . 5 5 6 . 1 4 7 . 3 4 7 . 4 4 6 . 5
1 9 7 0 6 4 . 0 4 1 . 0 6 3 . 7 4 4 . 5 4 7 . 8 4 7 . 1 5 3 . 7
U . K . a n d  I t a l y  w a s  9 0 % . I n  1 9 6 2 t h e  p r i c e v a r i a t i o n  b e t w e e n e g .
G e r m a n y  a n d  F r a n c e  w a s  e q u a l  t o  4 7 % .  W h i l e  i n  1 9 7 0  t h e  v a r i a t i o n  
b e t w e e n  e g .  N e t h e r l a n d s  a n d  I t a l y  w a s  e q u a l  t o  5 6 % .  T h u s ,  t h e  b i g  
p r i c e  i n c r e a s e s  o f  t h e  1 9 7 0 ' s  w e r e  n o t h i n g  n e w  f o r  t h e  p o o l e d  m o d e l .
O n  t h e  e v i d e n c e  o f  t h e  e m p i r i c a l  r e s u l t s  a n d  f o r  t h e  E E C  a r e a  
a s  a  w h o l e . ,  t h e  e f f e c t s  o f  t h e  1 9 7 1 - 7 4  " c r i s i s "  p e r i o d  w o u l d ,  h a v e  b e e n  
r e a s o n a b l y  a n t i c i p a t e d  h a d  w e  k n o w n  t h e  r e l a t i o n s h i p  b e t w e e n  e n e r g y  
d e m a n d ,  a n d  G D P ,  p r i c e  a n d  t e m p e r a t u r e  c h a n g e s .
W h e n  w e  c a r r y  t h e  a n a l y s i s  o n e  s t e p  f u r t h e r  a n d  i n v e s t i g a t e  t h e  
h o u s e h o l d  a n d  f i r m  b e h a v i o u r  t o w a r d s  t o t a l  d e m a n d  f o r  e n e r g y ,  t h e  
s t a t i c  m o d e l  s h o w s  s i g n s  d f  d e t e r i o r a t i o n .  I t  w o u l d  b e  t e m p t i n g  t o  
s a y  t h a t  i n  t h e  c a s e  w h e r e  a l l  e n e r g y  i s  t r e a t e d  i n  a g g r e g a t e  t h e r e  
i s  s o m e  b e n e f i c i a l  c a n c e l l i n g  o u t  o f  e r r o r s .  T h i s  m e a n s  t h a t  a l t h o u g h ,  
m o s t  e c o n o m i s t s  w o u l d  s t r i v e  t o  r e a c h  l o w e r  l e v e l s  o f  d i s a g g r e g a t i o n  
f o r  t h e i r  e m p i r i c a l  w o r k  t h e r e  a r e  s t i l l  g o o d  r e s u l t s  t o  b e  g a i n e d  
f r o m  u s i n g  a  h i g h l y  a g g r e g a t e  r e l a t i o n s h i p  s u c h  a s  t h e  o n e  u s e d  h e r e .  .
N e v e r t h e l e s s  t h e  c e n t r a l  i d e a  i n  e c o n o m e t r i c s  i s  t o  q u a n t i f y  
a l l  p o s s i b l e  f a c t o r s  r a t h e r  t h a n  r e l y i n g  i n  r a n d o m  e r r o r s  w h i c h ,  d u e  
t o  c a n c e l l i n g  o u t ,  d i s a p p e a r .  T h e  m o s t  l i k e l y  f a c t o r  n o t  a p p e a r i n g  
i n  o u r  s t a t i c  f o r m u l a t i o n  i s ,  t h e  d y n a m i c  b e h a v i o u r  o f  h o u s e h o l d s  a n d  
f i r m s .  S u c h  a  s p e c i f i c a t i o n  w o u l d  i m p l y  a d j u s t m e n t s  b e t w e e n  d e s i r e d
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a n d  a c t u a l  m a g n i t u d e s  a n d  h e n c e ,  h o w  p e o p l e  e x p e c t  e c o n o m i c  v a r i a b l e s  
t o  c h a n g e  i n  t i m e .  I f  e x p e c t a t i o n s  a r e  i m p o r t a n t  t h e y  s h o u l d  b e  i n ­
c l u d e d  i n  o u r  m o d e l .  T h i s ,  i n  t u r n ,  m e a n s  t h a t  w h e n  w e  d o  n o t  a l l o w  
f o r  t h e m  t h e  m o d e l  i s  i n c o m p l e t e  a n d  p r e d i c t i o n s  w o u l d  h a v e  a n  e l e m e n t  
o f  b i a s .  V i e w i n g  t h e  p r e d i c t i o n s  f r o m  t h e  m o d e l s  o n  d o m e s t i c  a n d  i n ­
d u s t r i a l  d e m a n d  f o r  e n e r g y  i n  t h i s  c o n t e x t ,  w e  p r o c e e d  i n  t h e  n e x t  
c h a p t e r s  b y  e m p l o y i n g  a  d y n a m i c  a p p r o a c h .
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P A R T  I I
I n  P a r t  I  t h e  a n a l y s i s  f o l l o w e d  a n d  t h e  r e s u l t s  d e r i v e d  w e r e  
a l l  b a s e d  o n  a  s t a t i c  a p p r o a c h .  T h e  t i m e  e l e m e n t  w a s  i g n o r e d /  a n d  
t h e  a d j u s t m e n t s  o f  c o n s u m e r  a n d  f i r m  b e h a v i o u r ,  d u e  t o  c h a n g e s  i n  
t h e  r e l e v a n t  e c o n o m i c  f a c t o r s ,  w e r e  a s s u m e d  t o  b e  i n s t a n t a n e o u s .
I n  t h i s  p a r t  a  d y n a m i c  a p p r o a c h  i s  e m p l o y e d .  T h e  t i m e  e l e m e n t  
a n d  e x p e c t a t i o n s  a r e  g i v e n  p r i m a r y  i m p o r t a n c e  a n d  t h e  e l a s t i c i t e s  
o b t a i n e d  r e f e r  n o w  t o  s p e c i f i c  t i m e  i n t e r v a l s .  T h e  h i g h l y  a g g r e g a t e  
e n e r g y  d e m a n d  f u n c t i o n  i s  a b a n d o n e d  i n  f a v o u r  o f  t h e  m o s t  i m p o r t a n t  
o f  t h e  f u e l s ,  o i l .  T h e  d e m a n d  f o r  o i l  b y  t h e  t w o  d i f f e r e n t l y  b e ­
h a v i n g  u n i t s ,  t h e  h o u s e h o l d  a n d  t h e  f i r m ,  i s  i n v e s t i g a t e d  m a i n l y  v i a  
t w o  d y n a m i c  m o d e l s .  H e n c e ,  i t  c a n  b e  c l a i m e d  t h a t  n o  a g g r e g a t i o n  
b i a s  s h o u l d  b e  i m p a r t e d  i n  t h e  r e l a t i o n s h i p ,  n o r  s h o u l d  a n y  . i n c o n ­
s i s t e n c i e s  a r i s e  d u e  t o  t h e  a m a l g a m a t i o n  o f  a l l  e n e r g y  s e c t o r s  u n d e r  
o n e  m o d e l .
95
C H A P T E R  F I V E  
H O U S E H O L D  D E M A N D  F O R  O I L .  A  D Y N A M I C  A P P R O A C H
A  n e w  m o d e l  d e s c r i b i n g  h o u s e h o l d  b e h a v i o u r  i s  h e r e  p r o p o s e d .
T h e  h o u s e h o l d  i s  c o n s i d e r e d  a s  a  p l a n n i n g  u n i t  e s p e c i a l l y  w h e n  c o n ­
f r o n t e d  w i t h  t h e  p u r c h a s e s  o f  d u r a b l e  g o o d s .  H e n c e ,  a  d y n a m i c  r e ­
a c t i o n  p r o c e s s  i s  b u i l t  i n t o  t h e  m o d e l  a n d  t h i s  e n a b l e s  u s  t o  d i s ­
t i n g u i s h  b e t w e e n  s h o r t  a n d  l o n g  r u n  e l a s t i c i t i e s .  T h e  a p p l i c a t i o n  
o f  t h i s  m o d e l  i n  t h e  d o m e s t i c  a n d  t h e  t r a n s p o r t a t i o n  s e c t o r s  y i e l d s  
g o o d  r e s u l t s  a n d  j u s t i f i e s  t h e  d y n a m i c  a p p r o a c h .  T h e  e n t i r e  p e r i o d  
i s  d i v i d e d  i n t o  t w o  s u b - p e r i o d s  a n d  p r e d i c t i o n s  a r e  m a d e .  I t  s e e m s  
t h a t  t h e  o i l  c r i s i s  h a s  a f f e c t e d  t h e  d y n a m i c  b e h a v i o u r  o f  t h e  h o u s e ­
h o l d  a t  l e a s t  i n  t h e  e x p e c t a t i o n s  a r e a .
5 . 1  D y n a m i c  A n a l y s i s
U p  t o  n o w  o u r  a p p r o a c h  i n  a n a l y s i n g  t h e  e n e r g y  d e m a n d  r e l a t i o n s h i p  
h a s  b e e n  a  s t a t i c  o n e  m a i n l y  b e c a u s e ,  a  d y n a m i c  a p p r o a c h  w o u l d  r e q u i r e  
m o r e  " f i n e "  d a t a .  W h e n  d i s t r i b u t e d  l a g s  a r e  a p p l i e d  t o  a g g r e g a t e  r e ­
l a t i o n s h i p s ,  b e c a u s e  o f  t h e i r  c u m u l a t i v e  n a t u r e ,  t h e y  m i g h t  p r o d u c e  
l a r g e l y  b i a s e d  e s t i m a t e s .  T h u s ,  w e  h a v e  c h o s e n  t o  u s e  t h i s  m o r e  s o p ­
h i s t i c a t e d  a n a l y s i s  f o r  t h e  c a s e  o f  a  s i n g l e  f u e l  i n  t h e  c o n t e x t  o f  
t h e  t h r e e  m a i n  s e c t o r s .
A  m o d e l  b e c o m e s  d y n a m i c  w h e n  t h e  t i m e  p e r i o d s  t o  w h i c h  t h e  v a r i a b l e s  
r e l a t e  h a v e  l i n k s  w i t h  t h e  p a s t  o r  t h e  f u t u r e .  D e v i c e s  s u c h  a s  t i m e  t r e n d s ,  
r a t e s  o f  c h a n g e  v a r i a b l e s , '  d i s t r i b u t e d  l a g s  g e n e r a t e d  b y  e x p e c t a t i o n  h y ­
p o t h e s e s  o r  a d j u s t m e n t  m e c h a n i s m s ,  a r e  t h e  u s u a l  w a y  o f  d y n a m i s i n g  a  
m o d e l .  I n  d y n a m i c  a n a l y s i s  t h e  i n t e r e s t  i s  s h i f t e d  f r o m  i n s t a n t a n e o u s  . 
a d j u s t m e n t s  ( a s  s t a t i c  a n a l y s i s  p r e s u p p o s e s )  t o  t h e  t i m e  p a t h s  o f  v a r i ­
a b l e s .  W h a t  i s  i m p o r t a n t  h e r e ,  o n c e  t h e  e q u i l i b r i u m  p o s i t i o n  i s  d i s ­
t u r b e d  f r o m  a  c h a n g e  i n  a n  e x o g e n o u s  v a r i a b l e ,  i s  t h e  t i m e  r e q u i r e d  
a n d  t h e  a d j u s t m e n t  p r o c e s s  f o l l o w e d  u n t i l  e q u i l i b r i u m  i s  r e s t o r e d  a g a i n .  
T h i s  n e w  e q u i l i b r i u m  p o s i t i o n  t h e n  i m p l i e s  s o m e  l o n g  r u n  e l a s t i c i t i e s .
T h e  d y n a m i c  a p p r o a c h  t o  s o l v i n g  e c o n o m i c  p r o b l e m s  h a s  a l w a y s  b e e n  
m o r e  a p p e a l i n g  t o  e c o n o m i s t s ,  b e c a u s e  i t  i s  a  f a c t  o f  l i f e ,  t h a t  a l m o s t  
a l l  r e l a t i o n s h i p s  i n  e c o n o m i c s  a r e  a  f u n c t i o n  o f  t i m e .  I f  t h e  c o r n e r  
s t o n e  o f  e c o n o m i c  t h e o r y  i s  c o n s u m e r  p r e f e r e n c e s ,  t h e n  b y  d e f i n i t i o n
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e c o n o m i c  r e l a t i o n s h i p s  s h o u l d  c h a n g e  o v e r  t i m e .  T h i s  i m p l i e s  t h a t  
d y n a m i c  a n a l y s i s  a t  l e a s t  i n  t h e o r y  w o u l d  b e  t h e  m o s t  a d e q u a t e  
a p p r o a c h .
A n  e a r l y  a t t e m p t  t o  i n t r o d u c e  a  d y n a m i c  e l e m e n t  i n  a  d e m a n d  
e q u a t i o n  w a s  m a d e  b y  S t o n e  ( 3 0 ) .  H e  p r o c e e d e d  i n  e s t i m a t i n g  h i s  d e m a n d  
f u n c t i o n s  b y  i n s e r t i n g  a  t i m e  t r e n d  t o  a c c o u n t  f o r  s o m e  d y n a m i c  f a c t o r s  
n o t  o t h e r w i s e  q u a n t i f i a b l e .  A l t h o u g h  t i m e  t r e n d s  h a v e  m e t  h e a v y  c r i t i ­
c i s m  f r o m  m a n y  e c o n o m i s t s  a n d  t h e y  u s u a l l y  l e a v e  m u c h  t o  b e  d e s i r e d ,  t h e  
i n t e n t i o n  i n  s u c h  a  w o r k  i s  c l e a r  a n d  t h e  d y n a m i c  p r i n c i p l e  r e m a i n s  v a l i d .
I n  c u r r e n t  e c o n o m e t r i c  l i t e r a t u r e  t h e  d y n a m i c  e l e m e n t  o f  e c o n o m i c  
r e l a t i o n s h i p s  i s  e x p r e s s e d  v i a  t h e  s o  c a l l e d  d i s t r i b u t e d  l a g  m o d e l s .  M o s t  
o f  t h e s e  m o d e l s  a r e  b a s e d  o n  t w o  r e a c t i o n  m e c h a n i s m s ;  o n e  p o s t u l a t i n g  a d ­
a p t i v e  e x p e c t a t i o n s *  a n d  t h e  o t h e r  p o s t u l a t i n g  p a r t i a l  a d j u s t m e n t s .  I t .  
i s  p r o b a b l y  t r u e  t o  s a y ,  t h a t  t h e  s p r i n g b o a r d  f o r  m o s t  d i s t r i b u t e d  l a g  
m o d e l s  i s  t h e  c l a s s i c  p a p e r  b y  M e t z l e r * *  ( 6 1 )  . H i s  m a i n  c o n t r i b u t i o n  
i s  t h e  a t t e m p t  t o  d e v e l o p  t h e  t h e o r e t i c a l  l a g  s t r u c t u r e  o f  i n v e s t o r y  
c y c l e s .  M e t z l e r ,  i n t r o d u c i n g  e x p e c t a t i o n s  a n d  a d j u s t m e n t s  i n t o  h i s  
m o d e l ,  p o s t u l a t e s  t h a t  t h e  d e m a n d  f o r  s t o c k s  d e p e n d s  o n  e x p e c t e d  s a l e s  
a n d  t h a t  s t o c k s  a r e  a d j u s t e d  a c c o r d i n g  t o  t h e  t o t a l  d i f f e r e n c e  b e t w e e n  
d e s i r e d  a n d  a c t u a l  s t o c k s .  O n e  d e f i c i e n c y  o f  t h i s  m o d e l  i s ,  t h e  a s s u m p ­
t i o n  t h a t  t h e  i n v e n t o r y  r e q u i r e m e n t s  o f  f i r m s  a r e  a d j u s t e d  c o m p l e t e l y  - 
w i t h i n  a  g i v e n  t i m e  p e r i o d ,  A  m o r e  r e a l i s t i c  a s s u m p t i o n ,  t h a t  s t o c k  
a d j u s t m e n t s  f o l l o w  a  p a r t i a l  p r o c e s s ,  w a s  f i r s t  i n t r o d u c e d  b y  G o o d w i n  
( 6 2 )  a n d  t r i e d  e m p i r i c a l l y  b y  K l e i n  ( 6 3 ) .  T h u s ,  t h e . a n a l y s i s  y i e l d s  
a n  a d j u s t m e n t s  c o e f f i c i e n t  |i w h i c h  r e p r e s e n t s  t h e  f r a c t i o n  o f  d e s i r e d  
m i n u s  a c t u a l  i n v e s t m e n t s  f o r  s t o c k s  w h i c h  i s  f i n a l i s e d  i n  e a c h  p e r i o d .
I n  s y m b o l s
J t  ~  I t - 1  =  y ( I t “ I t - l )
*  I t  c a n  b e  p r o v e d  t h a t  a d a p t i v e  e x p e c t a t i o n s  a r e  e q u i v a l e n t  t o  K o y c h ' s  
g e o m e t r i c a l l y  d e c l i n i n g  l a g  s c h e m e .  S e e  f o r  e x a m p l e  F l e m m i n g  ( 6 0 ) .
* * M a n y  w o u l d  t r a c e  t h e  r u d i m e n t s  o f  d i s t r i b u t e d  l a g s  b a c k  t o  t h e  e a r l y  
w o r k  o f  I .  F i s h e r :  " O u r  U n s t a b l e  D o l l a r  a n d  t h e  s o - c a l l e d  B u s i n e s s  
C y c l e " .  J o u r n a l  o f  t h e  A m e r i c a n  S t a t i s t i c a l  A s s o c i a t i o n ,  2 0 ,  1 9 2 5 .  
A l s o  b y  t h e  s a m e  a u t h o r  " N o t e  o n  a  S h o r t - c u t  M e t h o d  f o r  C a l c u l a t i n g  
D i s t r i b u t e d  L a g s "  B u l l e t i n  d e  l ' I n s t i t u t  I n t e r n a t i o n a l  d e  S t a t i s t i q u e ,  
2 9 ,  1 9 3 7 .
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T h i s  i s  t h e  b a s i c  s t o c k  a d j u s t m e n t  m e c h a n i s m  w h i c h  L o v e l l  ( 6 4 ,  6 5 )  
h a s  f o u n d  t o  b e  a  s u c c e s s f u l  e m p i r i c a l  h y p o t h e s i s  a n d  c a l l s  f l e x i b l e  
a c c e l e r a t o r ,  w h i l e  t h e  p o p u l a r i t y  o f  t h i s  m o d e l  i s  m a i n l y  d u e  t o  e x ­
t e n s i v e  e m p i r i c a l  e v i d e n c e  b y  N e r l o v e  ( 6 6 ,  6 7 ) .
T h e  s a m e  l a g  s t r u c t u r e ,  b u t  b a s e d  o n  t h e o r e t i c a l l y  d i f f e r e n t  g r o u n d s ,  
h a s  b e e n  u s e d  b y  C a g a n  ( 6 8 )  i n  e x p l a i n i n g  t h e  d y n a m i c s  o f  i n f l a t i o n .  H i s  
a s s u m p t i o n  a b o u t  a d a p t i v e  e x p e c t i o n s  i n  r e l a t i o n  t o  c h a n g e s  i n  t h e  p r i c e  
l e v e l  t a k e s  t h e  f o r m
pt  -  p t - i  -  a ( V pt x >
w h e r e  P  i s  t h e  p r i c e  l e v e l  a n d  t h e  s u b s c r i p t  e  d e n o t e s  e x p e c t e d  v a l u e s .  
A l l  t h e  a b s e r v a b l e  v a r i a b l e s  o f  t h e  s t o c k  a d j u s t m e n t  m o d e l  b e c o m e  u n ­
o b s e r v a b l e  i n  t h e  a d a p t i v e  e x p e c t a t i o n s  h y p o t h e s i s  a n d  a l s o ,  t h e  u n ­
o b s e r v a b l e  v a r i a b l e  o f  t h e  f o r m e r  ( I d ) b e c o m e s  a b s e r v a b l e  i n  t h e  l a t t e r  
( P f t . N e v e r t h e l e s s  t h e  l a g  s t r u c t u r e  r e m a i n s  t h e  s a m e  i n  b o t h  m o d e l s .
A l t h o u g h  d i s t r i b u t e d  l a g  m o d e l s  h a v e  b e e n  r e c e i v e d  w i t h  e n t h u s i a s m  
b y  m a n y  e c o n o m i s t s ,  t h e r e  i s  a  n u m b e r  o f  t h e m  w h o  w o u l d  h e s i t a t e  b e f o r e  
a p p l y i n g  t h e m  t o  e m p i r i c a l  w o r k .  T h e  r e a s o n  i s  t h a t  t h e  r e d u c e d  f o r m ,  
o f  m o d e l s  c o n t a i n i n g  d i s t r i b u t e d  l a g s ,  w o u l d  a l w a y s  h a v e  a t  l e a s t  o n e  
l a g g e d  d e p e n d e n t  v a r i a b l e  a s  a  r e g r e s s o r .  I n  a  w a y ,  t h e n ,  w e  a r e  t r y i n g  
t o  e x p l a i n  o n e  v a r i a b l e  b y  u s i n g  a s  o n e  o f  o u r  i n d e p e n d e n t  v a r i a b l e s  i t s  
o w n  l a g g e d  v a l u e .  T h u s ,  i t  i s  a l m o s t  c e r t a i n  t h a t  s u c h  l a g g e d  v a r i a b l e s  
w o u l d  e x p l a i n  " t o o  m u c h "  o f  t h e  v a r i a t i o n  i n  Y  a n d  l e a v e  " t o o  l i t t l e "  
f o r  t h e  r e s t  o f . t h e  v a r i a b l e s  t o  e x p l a i n .  T h i s  i s  t h e  s o  c a l l e d  d i s ­
t r i b u t e d  l a g  b i a s .
A n o t h e r  r e a s o n  o f t e n  q u o t e d  a g a i n s t  t h e  i n c l u s i o n  o f  a  l a g g e d  d e ­
p e n d e n t  v a r i a b l e  i n  t h e  r i g h t  h a n d  s i d e  o f  t h e  e q u a t i o n  i s ,  t h a t  a u t o ­
c o r r e l a t i o n  s p u r i o s u l y  v a n i s h e s  a n d  d e v i c e s  s u c h  a s  t h e  D u r b i n - W a t s o n  
s t a t i s t i c  a r e  u s e l e s s  t o  d e t e c t  i t  ( s e e  f o r  e x a m p l e  N e r l o v e  a n d  W a l l i c e  
( 6 9 ) ) .  A s  G r i l i c h e s  p u t s  i t  ( 7 0 )  " T h e r e  i s n o  q u e s t i o n  t h a t  i n  m o s t  c a s e s  
t h e  a d d i t i o n  o f  t h e  l a g g e d  d e p e n d e n t  v a r i a b l e  t o  t h e  r e g r e s s i o n  w i l l  r e ­
d u c e  t h e  s e r i a l  c o r r e l a t i o n  o f  t h e  r e s i d u a l s " . H e n c e  t h e  q u e s t i o n  t h a t  
a r i s e s  i s ,  s i n c e  a u t o c o r r e l a t i o n  i s  n o t  d e s c e r n i b l e  h o w  d o  w e  t r e a t  i t  i f  
i t  d o e s  e x i s t .  B e s i d e s ,  w e  h a v e  a n  a d d i t i o n a l  t r o u b l e  b e c a u s e  w e  o f t e n  
c r e a t e  a u t o c o r r e l a t i o n  b y  s p e c i f i c a t i o n .  I t  i s  w e l l  k n o w n ,  t h a t  i n  m o s t
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c a s e s  t h e  a s s u m e d  l a g  s t r u c t u r e  w i l l  c r e a t e  a u t o c o r r e l a t e d  d i s t u r b a n c e s  
i n  t h e  r e d u c e d  f o r m  e q u a t i o n ,  e v e n  i f ,  i n  t h e  o r i g i n a l  m o d e l  t h e  e r r o r  
t e r m  w a s  p u r e l y  r a n d o m .
M a n y  e c o n o m i s t s  w o u l d  r e j e c t  t h e  u s e  o f  d i s t r i b u t e d  l a g  m o d e l s  
j u s t  b e c a u s e  o f  t h e  r e a s o n s  c i t e d  a b o v e .  O t h e r s ,  l i k e - G r i l l i c h e s  ( 7 1 ) ,  
w o u l d  c a s t  d o u b t  o n  m o s t  o f  t h e s e  m o d e l s  d u e  t o  t h e o r e t i c a l  " a d - h o c k e r y "  
a n d  w e a k  u n d e r p i n n i n g s .  N o n e ,  h o w e v e r  w o u l d  d e n y  t h e  a p p e a l  o f  t h e  d y ­
n a m i c  a p p r o a c h  t o  w h i c h  t h e y  g i v e  r i s e .  T h i s  r e a s o n  a l o n e  w o u l d  p r o b ­
a b l y  b e  g o o d  e n o u g h  f o r  m a n y  e c o n o m i s t s  t o  k e e p  o n  u s i n g  t h e m .
I n  f a c t ,  a l l  t h e s e  c o m p l i c a t i o n s  i n s t e a d  o f  d i s c o u r a g i n g  s o m e o n e ,  
s h o u l d  b e  t a k e n  t o  i n d i c a t e  t h e  n e c e s s i t y  t o  t a k e  e x t r a  s t e p s  b e f o r e  
e s t i m a t i n g  s u c h  m o d e l s .  I f  t h e  t h e o r e t i c a l  a n d  s t a t i s t i c a l  i m p l i c a t i o n s  
a r e  t a k e n  c a r e  o f ,  t h e n ,  o n e  c a n  r e l y  o n  m e a n i n g f u l l y  i n t e r p r e t i n g  t h e  
r e s u l t s  o f  d i s t r i b u t e d  l a g  m o d e l s .  I n  p a r t i c u l a r ,  t h e  s e r i o u s  d i s t r i ­
b u t e d  l a g  b i a s  c a n  b e  m i n i m i s e d  i n  t h e  c o n t e x t  o f  l a r g e  s a m p l e s .  I t  
c a n  b e  p r o v e d  ( e g .  J o h n s t o n  3 6 ,  p p 3 0 3 - 3 0 7 )  t h a t  t h i s  b i a s  v a n i s h e s  
a s y m p t o t i c a l l y  a s  t h e  s a m p l e  s i z e  i n c r e a s e s .  M a l i n v a u d  ( 7 2 )  h a s  a l s o  
p r o v e d  t h a t  t h i s  b i a s  i s  r e d u c e d  a s  t h e  t o t a l  n u m b e r  o f  e x o g e n o u s  v a r i -  ■ 
a b l e s  i n  a n  e q u a t i o n  i n c r e a s e s .  T h e  p r o b l e m  o f  a u t o c o r r e l a t i o n  b y  
s p e c i f i c a t i o n  a n d  t h e  i n a d e q u a c y  o f  t h e  D u r b i n - W a t s o n  s t a t i s t i c ,  c a n  
b e  t r e a t e d  s i m u l t a n e o u s l y  w i t h  a  n o n - l i n e a r  e s t i m a t i o n  t e c h n i q u e .  S u c h  
a  t e c h n i q u e  w a s  e m p l o y e d  i n  C h a p t e r  T w o  w h e n  w e  t r e a t e d  a u t o c o r r e l a t i o n ,  
s o m e  f u r t h e r  i n f o r m a t i o n  c a n  b e  f o u n d  i n  M a r t i n  ( 7 3 ) .  L a s t l y ,  t h e  
t h e o r e t i c a l  b a s e  o f  a n y  p a r t i c u l a r  d i s t r i b u t e d  l a g  i s  a  v e r y  a r g u a b l e  
p o i n t .  A c c u r a c y  a n d  p l a u s i b i l i t y  o f  t h e  u n d e r l y i n g  a s s u m p t i o n s  a r e  
m o s t  f r e q u e n t l y  j u d g e d  o n  e m p i r i c a l  g r o u n d s .  M o s t  d i s t r i b u t e d  l a g  
m o d e l s  W o u l d  b e  a c c e p t a b l e  i f  b e s i d e s  s a t i s f y i n g  t h e  s t a t i s t i c a l  c r i t e r i a ,  
t h e y  f i t  t h e  d a t a  w e l l  a n d  c a n  b e  c o n s i d e r e d  s t a b l e  o v e r  t i m e .
I n  t h e  c o n t e x t  o f  t h e  a n a l y s i s  p u r s u e d  h e r e  ( p o o l i n g  o f  t i m e  s e r i e s  
a n d  c r o s s - s e c t i o n  d a t a )  i t  i s  b e l i e v e d  t h a t  t h e  c o m p l i c a t i o n s  m e n t i o n e d  
s o  f a r  c a n . b e  s a t i s f a c t o r i l y  o v e r c o m e .  B y  a n y  s t a n d a r d s  t h e  s a m p l e s  u s e d  
o u g h t  t o  b e  c o n s i d e r e d  a s  l a r g e  o n e s .  T h i s ,  t o g e t h e r  w i t h ,  t h e  f a c t  t h a t  
w e  a r e  u s i n g  i n  a n y  e q u a t i o n  a  n u m b e r  o f  e x t r a  e x o g e n o u s  v a r i a b l e s  ( t h e  
d u m m i e s ) , e n s u r e s  t h a t  t h e  d i s t r i b u t e d  l a g  b i a s  i s  m i n i m i s e d  i f  n o t  e l i ­
m i n a t e d .  T h e  q u e s t i o n  o f  a u t o c o r r e l a t i o n ,  a s  a r g u e d  i n  C h a p t e r  T h r e e ,  i s
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i n c o m p a t i b l e  w i t h  t h e  c o n c e p t  o f  p o o l i n g .  H o w e v e r ,  i f  w e  i n t r o d u c e  
s o m e  b y  s p e c i f i c a t i o n ,  i t  c a n  b e  d e t e c t e d  b y  a  n o n - l i n e a r  e s t i m a t i o n  
m e t h o d  ( s e e  A p p e n d i x  C ,  p a r t  2 ) .
5 . 2  T h e  H o u s e h o l d :  D y n a m i c  B e h a v i o u r
C o n s u m e r  p u r c h a s e s  a r e  b r a o d l y  c l a s s i f i e d  i n t o  t w o  c a t e g o r i e s  
d u r a b l e s  a n d  n o n - d u r a b l e s .  T h i s  d i s t i n c t i o n  i s  i m p o r t a n t  b e c a u s e  
p u r c h a s e s  o f  d u r a b l e  g o o d s ,  f i r s t l y ,  i n v o l v e  s o m e  k i n d  o f  p r i o r  
p l a n n i n g  o r  s a v i n g  p e r i o d  a n d  s e c o n d l y ,  y i e l d  s e r v i c e s  f o r  a  n u m b e r  
o f  y e a r s  u n t i l  r e p l a c e d .  T h e  w a y  a  f i r m  p l a n s  f o r  i t s  i n v e s t m e n t  
o n  c a p i t a l  g o o d s ,  t h e  h o u s e h o l d  p l a n s  f o r  t h e  a m o u n t  o f  d u r a b l e s  i t  
n e e d s .  O n  t h e  c o n t r a r y ,  p u r c h a s e s  o f  m o s t  n o n - d u r a b l e s  c a n  b e  s a i d  
t o  i n v o l v e  l i t t l e  o r  n o  p l a n n i n g  w h i l e  s o m e  p u r c h a s e s  d e p i c t  e v e n  
r a n d o m  b e h a v i o u r .  I f  t h e  p u r c h a s e s  o f  d u r a b l e s  i n v o l v e s  s o m e  t i m e  
l a g  f r o m  t h e  d a y  o f  e x  a n t e  d e m a n d  t o  t h e  d a y  o f  a c t u a l  p u r c h a s e ,  
t h e n  h o u s e h o l d  b e h a v i o u r ,  i n  t h e  d u r a b l e s  a r e a ,  o u g h t  t o  b e  d y n a m i c  
i n  c h a r a c t e r .  I n  t u r n ,  t h e  d y n a m i c  l a g  s t r u c t u r e  i m p l i e s  l o n g  a n d  
s h o r t  r u n  b e h a v i o u r .
T h e  r e a c t i o n  m e c h a n i s m  p o s t u l a t e d  h e r e  f o r  t h e  h o u s e h o l d  u n i t ,  
i s  b a s e d  o n  t h e  f o l l o w i n g  l i n e  o f  h y p o t h e s e s .  T h e  d e m a n d  f o r  o i l  b y  
t h e  h o u s e h o l d  ( a s  w e l l  a s  a n y  o t h e r  f o r m  o f  e n e r g y )  i s  d i r e c t l y  r e ­
l a t e d  t o  t h e  s t o c k  o f  e n e r g y  -  u s i n g  a p p l i a n c e s  a n d  a  c o s t  i n d i c a t o r , ' 
w h i c h  i s  t h e  p r i c e  o f  o i l  p e r  u n i t  c o n s u m e d .  T h e  s t o c k  o f  a p p l i a n c e s ,  
o f  c o u r s e ,  i s  n e e d e d  f o r  t h e  f l o w  o f  s e r v i c e s  i t  p r o v i d e s .  T h e  d e m a n d  . 
f o r  s u c h  s e r v i c e s ,  l i k e  a n y  o t h e r  d e m a n d ,  h a s  t w o  c o u n t e r  p a r t s ,  o n e  i s  
i n  t h e  m i n d s  o f  p e o p l e  a n d  a n o t h e r  w h i c h  i s  r e a l i s e d  i n  t h e  m a r k e t  p l a c e .  
W h a t  m a t t e r s  m o s t  f o r  o u r  d y n a m i c  f o r m u l a t i o n  i s ,  t h e  d e s i r e d  d e m a n d  f o r  
s e r v i c e s  r a t h e r  t h a n  t h e  a c t u a l  o n e .  H e n c e  t h e  r e l a t i o n s h i p  i n  s y m b o l s  
b e c o m e s : d
H t  =  a 0  +  a i s t - l  +  a 2 P o t  +  U t
w h e r e  H  =  H o u s e h o l d  d e m a n d  f o r  o i l
S d  =■ T h e  d e s i r e d  f l o w  o f  s e r v i c e s  t h a t  t h e  
s t o c k  o f  p o w e r  u s i n g  a p p l i a n c e s  y i e l d s  
w h i c h  a p p a r e n t l y  i s  e q u i v a l e n t  t o  t h e  
d e s i r e d  s t o c k  o f  t h e s e  a p p l i a n c e s
loo
P o  =  P r i c e  o f  o i l  
u  =  A n  e r r o r  t e r m  w h i c h  f u l f i l l s  t h e  
u s u a l  s t o c h a s t i c  a s s u m p t i o n s .
S u c h  a  m o d e l ,  o f  c o u r s e ,  i s  n o t  c o m p l e t e  b e c a u s e  t h e r e  i s  a n o t h e r  
f a c t o r ,  t h e  c o m p e t i t i o n  b e t w e e n  f u e l s ,  w h i c h  h a s  n o t  b e e n  i n c l u d e d .  
C o n s u m e r s  a r e  e x p e c t e d  t o  s w i t c h  t o  o t h e r  f u e l s  i f  t h e  p r i c e  o f  o i l  i s  
t o o  h i g h .  T h e  l e v e l  o f  r e l a t i v e  f u e l  p r i c e s ,  h o w e v e r ,  s h o u l d  b e  m o s t  
i m p o r t a n t  t o  t h a t  p a r t i c u l a r  c o n s u m e r  w h o  i s  g o i n g  t o  t h e  m a r k e t  i n  
o r d e r  t o  b u y  a  n e w  a p p l i a n c e  o r  r e p l a c e  h i s  o l d  o n e .  I f  a n  a p p l i a n c e ,  
a l r e a d y  e x i s t s  i n  t h e  h o u s e h o l d ,  t h e n  t h e  c o n s u m e r  i s  n o t  t h a t  s e n s i t i v e  
t o  p r i c e  c h a n g e s  o f  t h e  f u e l  u s e d  b y  t h a t  a p p l i a n c e .  T h e  c o m p e t i t i o n  o f  
f u e l s ,  f o r  t h e  b u l k  o f  t h e  c o n s u m e r s  w h o  a r e  n o t  p r e p a r e d  t o  i n c u r  h e a v y  
e x p e n s e s  i n  o r d e r  t o  c h a n g e  t h e i r  a p p l i a n c e s ,  o u g h t  t o  b e  w e a k  a t  l e a s t  
i n  t h e  s h o r t  r u n . *
T h e  v a r i a b l e  t o  b e  i n s e r t e d  i n  t h e  m o d e l  s h o u l d  i d e a l l y  b e  a n  i n d e x  
o f  c o a l ,  n a t u r a l  g a s  a n d  e l e c t r i c i t y  p r i c e s .  I f  b o t h  t h e  p r i c e  o f  o i l  
a n d  t h i s  i n d e x  a p p e a r  a s  s e p a r a t e  v a r i a b l e s  i n  t h e  m o d e l ,  t h e n  b o t h  
o u g h t  t o  b e  e x p r e s s e d  i n  r e a l  t e r m s  b y  d e f l a t i n g  w i t h  t h e  c o n s u m e r  
p r i c e  i n d e x .  A n  a l t e r n a t i v e ,  a n d  p r o b a b l y  b e t t e r ,  w a y  i s  t o  e x p r e s s  
t h e s e  t w o  p r i c e s  a s  a  r a t i o ,  i n  w h i c h  c a s e  d e f l a t i o n  i s  n o t  n e e d e d ,  t h e  
p o s s i b i l i t y  o f  g e t t i n g  m u l t i c o l l i n e a r i t y  b e t w e e n  t h e  t w o  i s  a v o i d e d ,  a n d  
w e  a l s o  g a i n  o n e  d e g r e e  o f  f r e e d o m .
T h e  l a s t  c a n d i d a t e  f o r  i n c l u s i o n  i n  t h e  m o d e l  i s  t e m p e r a t u r e .  I t s  
v a r i a t i o n s  s h o u l d  b e  m o r e  i m p o r t a n t  i n  t h e  h o u s e h o l d  t h a n  i n  a n y  o t h e r  
s e c t o r  b e c a u s e  f u e l  d e m a n d  i s  p r e d o m i n a n t l y  f o r  h e a t i n g  p u r p o s e s .  T h u s ,  
w e  r e s p e c i f y  t h e  m o d e l  a c c o r d i n g l y  a n d :
H t  =  a 0  +  a l S t - l  +  a 2 P ° t / , P C t  +  a 3 T t  +  U t
w h e r e  P o ^ / P f t  =  T h e  p r i c e  o f  o i l  r e l a t i v e  t o  t h e  i n d e x  
t  t
o f  c o m p e t i n g  f u e l s  
T  =  T e m p e r a t u r e
*  T h e r e  i s  a  p r o b a b l e  e f f e c t  h e r e .  I f  o i l  r i s e s  i n  p r i c e  r e l a t i v e  t o  
o t h e r  f u e l s  c o n s u m e r s  w i t h  o i l  b u r n i n g  a p p l i a n c e s  m a y  w e l l  n o t . s w i t c h  
b u t  t h e y  w i l l  m o s t  l i k e l y  c u t  d o w n  t h e i r  o i l  c o n s u m p t i o n  m o r e  t h a n  c o n ­
s u m e r s  w i t h ,  s a y ,  c o a l  o r  n a t u r a l  g a s  a p p l i a n c e s .
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T h e  e s t i m a t i o n  o f  t h i s  m o d e l  w o u l d  b e  h i n d e r e d  b e c a u s e  o f  t h e  
i n c l u s i o n  o f  t h e  v a r i a b l e  S U . V a r i a b l e s  t h a t  r e f e r  t o  d e s i r e d  q u a n ­
t i t i e s  a r e  n o t  m e a s u r e a b l e  a n d  h e n c e  a  d i r e c t  e s t i m a t i o n  i s  i m p o s s i b l e .  
T h e r e f o r e ,  t h e  s o l u t i o n  l i e s  i n  h o w  t h e s e  v a r i a b l e s  a r e  f o r m u l a t e d  
( w h e t h e r  t h e s e  v a r i a b l e s  a r e  l a b e l l e d  d e s i r e d ,  e x p e c t e d ,  e q u i l i b r i u m  
e t c . ,  i t  m a k e s  n o  d i f f e r e n c e ) .
W e  c a n  e n v i s a g e  t h e  h o u s e h o l d  u n i t  t o  h a v e  a  d e s i r e d  o r  a  t a r g e t  
d e m a n d  f o r  d u r a b l e  s e r v i c e s ,  w h i c h  w o u l d  b e  m a i n l y ,  a  f u n c t i o n  o f  i t s  
p r e f e r e n c e s  a n d  t h e  s o c i a l  c l a s s  w i t h  w h i c h  i t  i d e n t i f i e s  i t s e l f .  F o r  
t h i s  t o  b e  r e a l i s e d  a  s t o c k  o f  a p p l i a n c e s  w o u l d  h a v e  t o  b e  b u i l t  f i r s t .
I t  i s  c l e a r  t h e n  t h a t  a  d e s i r e d  a m o u n t  o f  s e r v i c e s  i m p l i e s  a  d e s i r e d  
s t o c k  o f  a p p l i a n c e s .  A l t h o u g h  a d d i t i o n s  t o  t h e  e x i s t i n g  s t o c k  i n t e r a l i a ,  
w o u l d  d e p e n d  o n  c u r r e n t  p r i c e s  a n d  d i s p o s a b l e  i n c o m e  t h e  s t o c k  i t s e l f  
w o u l d  d e p e n d  c h i e f l y  o n  a  s t r e a m  o f  p a s t  p r i c e s  a n d  i n c o m e s  e a r n e d  i n  
t h e  p a s t .  B e s i d e s ,  c o n s u m e r s '  e x p e c t a t i o n s  a n d  h e n c e  d e s i r e d  q u a n t i t i e s  
a r e  f o r m e d  b y  u s u a l l y  e x t r a p o l a t i n g  f r o m  t h e  p a s t  g i v i n g  m o r e  w e i g h t  
t o  t h e  m o s t . r e c e n t  h a p p e n i n g s .  T h i s  m e a n s  t h a t  t h e  f a c t o r s  t h e  d e s i r e d  
s t o c k  i s  a  f u n c t i o n  o f  o u g h t  t o  h a v e  a  d e c l i n i n g  i m p o r t a n c e .
I n  e s s e n c e  t h e n  w h a t  w e  a r e  s a y i n g  i s  t h a t  t h i s  d e s i r e d  a m o u n t  o f  
s e r v i c e s  w h i c h  n e c e s s i t a t e s  a  d e s i r e d  s t o c k  o f  a p p l i a n c e s ,  i s  g e n e r a t e d  
b y  a n  i n d i c a t o r  t h a t  r e f l e c t s  t h e  c o s t  o f  p u r c h a s e  a n d  u s e  o f  s u c h  
a p p l i a n c e s  a n d  d i s p o s a b l e  i n c o m e .  T h e  e f f e c t  i s  a n  e x t r a p o l a t i o n  o f  
e x p e c t a t i o n s  f o r m e d  i n  t h e  p a s t .  T h u s ,  i f  w e  a p p r o x i m a t e  t h e  p r i c e s  
o f  t h e  v a r i o u s  d o m e s t i c  a p p l i a n c e s  a n d  o i l  p r i c e s  b y  t h e  c o n s u m e r  
p r i c e  i n d e x ,  t h e n ,  t h e  d e c l i n i n g  i n f l u e n c e  o f  a  p a s t  s t r e a m  o f  t h e s e  
t w o  v a r i a b l e s  o n  t h e  d e s i r e d  s t o c k  i s  e x p r e s s e d  b y
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w h e r e  Y  =  D i s p o s a b l e  i n c o m e  d e f l a t e d
b y  t h e  c o n s u m e r  p r i c e  i n d e x .
w h i c h  i s  t h e  f a m i l i a r  K o y c h  ( 7 4 )  d i s t r i b u t e d  l a g  s c h e m e ,  k  i s  s o m e  
c o n s t a n t  a n d  t h e  c o n s t r a i n t  t h a t  A  l i e s  b e t w e e n  0  a n d  1  e n s u r e s  t h a t  
t h e  p r o d u c t  A ^  c o n v e r g e s  s m o o t h l y  t o  z e r o .  T h e  i m p a c t  m u l t i p l i e r  
( s o m e t i m e s  c a l l e d  r e a c t i o n  c o e f f i c i e n t )  w h i c h  m e a s u r e s  a  u n i t  s h o c k  
o f  Y  o n  S d  i s  e x p r e s s e d  b y  t h e  c o n s t a n t  k ,  w h i l e  t h e  t o t a l  m u l t i p l i e r
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e x p r e s s i n g  t h e  c h a n g e  i n  t h e  e q u i l i b r i u m  v a l u e  o f  S  b e c a u s e  o f  a
u n i t  c h a n g e  i n  t h e  l e v e l  o f  Y  i s
k^  = £ r
A t  t h i s  p o i n t  w e  o u g h t  t o  e x p l a i n  w h y  t h e  d e s i r e d  s t o c k  v a r i a b l e  
a p p e a r s  r i g h t  f r o m  t h e  b e g i n n i n g  w i t h  a  l a g  o f  o n e  p e r i o d .  L a g g i n g  
t h i s  v a r i a b l e  b y  o n e  p e r i o d  w a s  i n t e n t i o n a l  i n  o r d e r  t o  a v o i d  r e g r e s ­
s i n g  a n  i d e n t i t y .  O u r  b a s i c  i d e n t i t y  i n  C h a p t e r  T w o  b r i n g s  t o g e t h e r  
e n e r g y  c o n s u m p t i o n ,  t h e  s t o c k  o f  e n e r g y  c o n s u m i n g  i m p l e m e n t s  a n d  t h e  
r a t e  o f  u t i l i s a t i o n  o f  t h a t  s t o c k .  L i k e w i s e ,  w e  h a v e  a n  i d e n t i t y  b e ­
t w e e n  t h e  c o n s u m p t i o n  o f  o i l  a n d  t h e  s t o c k  o f  o i l  c o n s u m i n g  a p p l i a n c e s  
m u l t i p l i e d  b y  i t s  r a t e  o f  u t i l i s a t i o n .  W h a t  w e  c a l l  d e s i r e d  s t o c k  i s ,  
i n  f a c t ,  a n  a p p r o x i m a t i o n  t o  t h e  r i g h t  h a n d  s i d e  o f  t h i s  i d e n t i t y  i e .
t h e  p r o d u c t  o f  t h e  s t o c k  o f  a p p l i a n c e s  a n d  t h e  r a t e  a t  w h i c h  t h i s  i s
u t i l i s e d .
T h e  t y p i c a l  c o n s u m e r  i s  e x p e c t e d  t o  f o r m  h i s  d e s i r e d  o r  t a r g e t  
d e m a n d  f o r  t h e  s e r v i c e s  w h i c h  t h e  d o m e s t i c  a p p l i a n c e s  p r o v i d e ,  b y  h a v i n g  
i n  h i s  m i n d  t h e  n u m b e r -  o f  a p p l i a n c e s  h e  w i s h e s  a s  w e l l  a s  a n  a v e r a g e  
r a t e  o f  u t i l i s a t i o n  o f  t h e m .  I n  o t h e r  w o r d s ,  a  p e r s o n  w h o  a n t i c i p a t e s  
e a t i n g  f i v e  t i m e s  a  w e e k  i n  a  r e s t a u r a n t  a n d  t w i c e  a t  h o m e ,  w o u l d  p r e f e r  
t o  b u y  a  s m a l l  c o o k e r  r a t h e r  t h a n  a  l a r g e  o n e  b e c a u s e  h e  s i m p l y  w o u l d  
n o t  u s e  i t  m u c h .  T h i s  m e a n s  t h a t  t h e  d e s i r e d  s t o c k  c o n c e p t  i s  b a s e d  
o n  b o t h  v a r i a b l e s ,  t h e  s t o c k  o f  a p p l i a n c e s  a n d  i t s  r a t e  o f  u t i l i s a t i o n .
I f  n o w ,  i n  o u r  d e m a n d  f o r  o i l  m o d e l ,  w e  p u t  b o t h  o i l  c o n s u m p t i o n  
a n d  t h e  d e s i r e d  s t o c k  a t  t h e  s a m e  t i m e  p e r i o d ,  w e  r u n  t h e  r i s k  o f  t r y i n g  
t o  p e r f o r m  a  r e g r e s s i o n  o n  a n  i d e n t i t y .  B y  h a v i n g  s t o c k  t o  r e f e r  t o  - t h e  
p r e v i o u s  p e r i o d  t h i s  r i s k  i s  m i n i m i s e d  a n d  a l s o  o u r  r e d u c e d  f o r m  e q u a t i o n  
h a s  a  m o r e  p l a u s i b l e  i n t e r p r e t a t i o n .  A s  s e e n  i n  t h e  n e x t  s e c t i o n ,  a f t e r  
s o m e  a l g e b r a i c  m a n i p u l a t i o n s ,  w e  a r r i v e  a t  a  r e d u c e d  f o r m  m o d e l  w h e r e  
d i s p o s a b l e  i n c o m e  i s  l a g g e d  o n e  p e r i o d .  T h i s  a c c o r d s  w i t h  o u r  h y p o t h e s i s  
t h a t  i n c o m e  a f f e c t s  p r i m a r i l y  t h e  p u r c h a s e  o f  a p p l i a n c e s  a n d  t h e s e  i n  
t u r n  t h e  c o n s u m p t i o n  o f  o i l .
5 . 3  A  C o m p l e t e  D y n a m i c  M o d e l  f o r  t h e  H o u s e h o l d  S e c t o r
F r o m  w h a t  w a s  a r g u e d  i n  t h e  p r e v i o u s  s e c t i o n  i t  i s  c l e a r  t h a t  t h e  
c o m p l e t e  d y n a m i c  m o d e l  f o r  t h e  h o u s e h o l d  s e c t o r  i s  a s  f o l l o w s
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H t  =  a 0  +  a l S t ~ l  +  a 2 P o t / P ° t  +  a 3 T t  +  u t  < 5 - 3 - 1 )
oo
s j  =  k  Y  X i Y  . _ 0 < A < 1  ( 5 . 3 . 2 )
t - 1  %L - t - r - l1=0
E s t i m a t i o n  c a n  p r o c e e d  a f t e r  w e  h a v e  a r r i v e d  a t  s o m e  r e d u c e d  f o r m  
e q u a t i o n .  H e n c e  s u b s t i t u t i n g  ( 5 . 3 . 2 )  i n  ( 5 . 3 . 1 )  w e  g e t
00
' H t  =  a 0  +  a l k  I- X ± Y t - i - 1  +  a 2 P o t / P C t  +  a 3 T t  +  u t  ( S - 3 - 3 >1=0
L a g g i n g  ( 5 . 3 . 3 )  b y  o n e  p e r i o d  a n d  m u l t i p l y i n g  b y  A  w e  o b t a i n
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n  1 4*1
X H t  =  X a 0  +  a i k  i ^ O  X  \ ~ i - 2  +  X a 2 P ° t - l / , p C t - l
+  ^ • a 3 T t _ 1  +  • ( 5 . 3 . 4 )
S u b t r a c t i n g  ( 5 . 3 . 3 )  f r o m  ( 5 . 3 . 4 )  w e  a r r i v e  a t
H t  -  X V l  =  a 0 < 1 _ X )  +  a i k Y t - l  +  a 2  < P o t / P O t - X P O t / P ° t - l >
+  a 3 ^ T t “ X T t - l ^  +  U t ~ X u t - l  ' ( 5 . 3 . 5 )
o r
H t  =  a o ( 1 “ X )  +  a i k Y t - l  +  a 2 P ° t / , P C t  "  a 2 X P ° t - l ^ P c t - l  +  a 3 T t
-  a 0 A T  1 +  A H  +  u  -  A u  . ( 5 . 3 . 6 )
3  t - 1  • t - 1  t  t - 1
w h i c h  i s  t h e  r e d u c e d  f o r m  o f  t h e  s t r u c t u r a l  m o d e l  ( 5 . 3 . 1 )  ( 5 . 3 . 2 ) .
I n  t h i s  l a s t  e q u a t i o n  w e  s e e  t h a t  t h e  i n c o m e  v a r i a b l e  a f f e c t s  
c o n s u m p t i o n  w i t h  a  l a g  o f  o n e  p e r i o d .  T h i s  i s  c o n s i s t e n t  w i t h ’ o u t  
a s s u m p t i o n  t h a t  i n  t h e  f i r s t  p e r i o d  i n c o m e  a f f e c t s  t h e  a c c u m u l a t i o n  
o f  a p p l i a n c e s  i n  t h e  h o u s e h o l d .  O n c e  s u c h  a  s t o c k  i s  f o r m e d ,  f u e l  
c o n s u m p t i o n  i s  n e e d e d  a s  a  c o n s e q u e n c e . T h e r e f o r e  i n c o m e  s h o u l d  a f f e c t  
c o n s u m p t i o n ,  b u t  w i t h  s o m e  t i m e  l a g .  O f  c o u r s e ,  o n e  c a n  a r g u e ,  t h a t  
i n c o m e  c h a n g e s  d u r i n g  a  p e r i o d  w o u l d  i n d u c e  l a r g e r  o r  s m a l l e r  f u e l  
c o n s u m p t i o n  i n  t h a t  p e r i o d .  I f  a  h o u s e h o l d ' s  i n c o m e  i s  i n c r e a s e d  i n  
o n e  p e r i o d ,  i t  m i g h t  b e  f e l t ,  t h a t  t h i s  e x t r a  a f f l u e n c e  j u s t i f i e s  
s o m e  e x t r a  d e m a n d  f o r  t h e  s e r v i c e s  o f t h e  e x i s t i n g  s t o c k  o f  a p p l i a n c e s .  
A c c o r d i n g l y ,  w e  c o u l d  h a v e  i n c l u d e d  t h e  r a t e  o f  c h a n g e  o f  i n c o m e  a s  
a n  a d d i t i o n a l  v a r i a b l e  i n  o u r  m o d e l .  I n  t h i s  c a s e ,  h o w e v e r ,  w e  w o u l d
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h a v e  o n e  v a r i a b l e  i n c o m e ,  a p p e a r i n g  i n  t h e  m o d e l  i n  t w o  f o r m s ;  o n c e
a s  a  r a t e  o f  c h a n g e  v a r i a b l e  ( A Y ^ )  o n c e  a s  a  l a g g e d  v a r i a b l e
( Y  ) .  T h i s  i s  p r o b a b l y  a  s p u r i o u s  w a y  o f  i n c r e a s i n g  t h e  e x p l a n a t o r y  
t - l
p o w e r  o f  o u r  m o d e l ,  b e s i d e s  i t  i s  n o t  v e r y  c l e a r  w h i c h  v a r i a t i o n  e a c h  
v a r i a b l e  p i c k s  u p .  I n e v i t a b l y  e a c h  o n e  w o u l d  a b s o r b  s o m e  o f  t h e  v a r i ­
a t i o n  o f  t h e  o t h e r .
A n o t h e r  a r g u m e n t  w o u l d  b e  - t h a t  i n c o m e  c h a n g e s ,  a l t h o u g h  i m p o r t a n t ,  
a r e  e s s e n t i a l l y  a  s h o r t  r u n  f a c t o r  a n d  p e r h a p s  m o r e  i n f l u e n t i a l  i n  t h e  
d e m a n d  f o r  p e r i s h a b l e  g o o d s  o r  e n t e r t a i n m e n t ,  r a t h e r  t h a n  t h e  s e r v i c e s  
o f  h o u s e h o l d  a p p l i a n c e s . T h e  l a t t e r  o u g h t  t o  b e  d e m a n d e d ,  o n  t h e  
a v e r a g e ,  a t  a  f a i r l y  s t e a d y  r a t e .  I n  t h e  l o n g  r u n ,  w h e n  i n c o m e  c h a n g e s  
p e r s i s t  a n d  a r e  c o n s i d e r e d  a s  p e r m a n e n t  b y  t h e  c o n s u m e r ,  t h e y  w o u l d  p r i ­
m a r i l y  a f f e c t  t h e  p u r c h a s e  o f  n e w  a p p l i a n c e s  a n d  t h e  d e m a n d  f o r  f u e l  w i l l  
c o m e  a s  a  r e s i d u a l  e f f e c t .
O u r  l a s t  c o m m e n t  a b o u t  t h e  i n c o m e  v a r i a b l e  i s  t h a t ,  t h e  w a y  i t  
a p p e a r s  i n  t h e  r e d u c e d  f o r m  m o d e l ,  m e a s u r e s  t h e  c o m b i n e d  e f f e c t  o f  
d e s i r e d  s t o c k  o n  c o n s u m p t i o n  a n d  o f  r e a l  d i s p o s a b l e  i n c o m e  o n  d e s i r e d  
s t o c k .  T h i s  i s  c l e a r l y  e x p r e s s e d  b y  i t s  c o e f f i c e n t ,  a 2 k  ( e q u a t i o n  
5 . 3 . 6 ) .  I n  p r a c t i c e  w e  w i l l  n o t  b e  a b l e  t o  d i s e n t a g l e  e a c h  i n d i v i d u a l  
e f f e c t ,  u n l e s s  w e  h a v e  s o m e  p r i o r  e x t r a n e o u s  e s t i m a t e  o f  k .  N e v e r t h e l e s s  
s t r u c t u r a l  e s t i m a t e s  a r e  i m m a t e r i a l  f o r  p r e d i c t i o n s  s i n c e  t h e  l a t t e r  a r e  
p e r f o r m e d  t h r o u g h  t h e  r e d u c e d  f o r m s .  T h u s ,  w e  w o u l d  s y m b o l i s e  t h i s  c o m ­
b i n e d  e f f e c t  a >  a s  a {  a n d  r e m e m b e r  t h a t i t  e x p r e s s e s  t h e  i n c o m e  e f f e c t  
t h r o u g h  t w o  s t a g e s  -  o n e  f r o m  i n c o m e  t o  s t o c k  a n d  t h e  o t h e r  f r o m  s t o c k  • 
t o  c o n s u m p t i o n .
B e s i d e s  i n c o m e ,  p r i c e  a n d  t e m p e r a t u r e ,  w e  s e e  t h a t  t h e  l a g g e d  v a l u e s  
o f  p r i c e  a n d  t e m p e r a t u r e  a l s o  a f f e c t  c u r r e n t  c o n s u m p t i o n .  T h i s ,  o f  c o u r s e ,  
d o e s  n o t  h a v e  a n y  i m m e d i a t e  e c o n o m i c  i n t e r p r e t a t i o n  o t h e r  t h a n  t h a t  t h e y  
a r e  " r e m n a n t s "  o f  t h e  t r a n s f o r m a t i o n .  I t  i s  c l e a r  t h a t  o u r  i n t e n t i o n  h a s  
b e e n  t o  i n t r o d u c e  a  s t o c k  v a r i a b l e s  i n  t h e  m o d e l  i n  o r d e r  t o  s p e c i f y  i t  
c o m p l e t e l y .  H o w e v e r ,  w e  w e r e  a l s o  a n x i o u s  t o  e l i m i n a t e  i t ,  s i n c e  i t  i s  
n o t  e a s i l y  m e a s u r a b l e ,  a n d  t h e  a l g e b r a i c  m a n i p u l a t i o n s  w e r e  s o  d e s i g n e d .  
T h e  l a g  s t r u c t u r e  t h a t  r e m a i n  s i m p l y  r e v e a l s ,  t h a t  t h e  s t o c k  e f f e c t  
i s  t h e r e ,  b u t  n o t  i t s  v a l u e .
L a s t l y ,  t h e  l a g g e d  d e p e n d e n t  v a r i a b l e  e x p r e s s e s  t h e  f a c t  t h a t  t h e r e  
a r e  s o m e  l o n g  r u n  p a r a m e t e r s  i m p l i c i t  i n  t h e  m o d e l  s t r u c t u r e .  U p o n
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T h e  l a g g e d  v a l u e s  o f  p r i c e  a n d  t e m p e r a t u r e ,  s i m p l y  b e c a u s e  o f  t h e  
m a t h e m a t i c a l  f o r m u l a t i o n ,  s h o u l d  a s s u m e  t h e  o p p o s i t e  s i g n  f r o m  c u r r e n t  
. p r i c e  a n d  t e m p e r a t u r e .
5 . 4  E s t i m a t i o n  D i f f i c u l t i e s
I f  m o d e l  ( 5 . 3 . 6 )  i s  e s t i m a t e d ’ w e  w o u l d  g e t  a  r e l a t i o n s h i p  o f  t h e
f o r m
H t  ■  a 0  +  d X Y t - l  +  a 2 P o t / P c t  -  d 3 P o t - l  +  V t  -  d 5 T t - l
( 5 . 4 . 7 )
U  U—  -L U
w h e r e
estimation we would expect
d  +  d
a 1
+  a 2 P ° t / P c t
■ +
V t - • l
+  E h  
t.
( a )
a o
= a o { 1 --X)
( b )
d l
s=
ai
( c )
d 2
=
a 2
( d )
d 3
=
to
>>
( e )
d 4
=
a 3
( f )
d 5
=
a 3 X
( g ) d 6
= X
a n d
n t
=
u t  " X u t - i
T h e  t r a n s i t i o n  f r o m  t h e  r e d u c e d  f o r m  p a r a m e t e r  o f  ( 5 . 4 . 7 )  t o  t h e  s t r u c ­
t u r a l  o n e s  o f  ( 5 . 3 . 1 )  a n d  ( 5 . 3 . 2 ) ,  w o u l d  b e  v e r y  d i f f i c u l t  b e c a u s e  
m o d e l  ( 5 . 3 . 6 )  i s  n o n - l i n e a r  i n  t h e  p a r a m e t e r s .  T h e  r e d u c e d  f o r m  m o d e l  
i s  o v e r - i d e n t i f i e d  a s  i n  t h e  e q u a t i o n s  s y s t e m  ( a )  t o  ( g )  w e  h a v e  s e v e n  
e q u a t i o n s  a n d  t h e  n u m b e r  o f  u n k n o w n s  i s  f i v e .  I n  o t h e r  w o r d s  w e  h a v e  
t w o  e q u a t i o n s  t o o  m a n y .  T h u s ,  t w o  i n d e p e n d e n t  e s t i m a t e s  o f  a ^  a n d  a ^  
m a y  b e  o b t a i n e d ,  s i n c e
*  I f  t h i s  m o d e l  i s  e s t i m a t e d  w i t h  t i m e  s e r i e s  d a t a  o n l y , t h e  p r o b l e m  
o f  r a u l t i c o l l i n e a r i t y  s h o u l d  b e  v e r y  s e v e r e  b e c a u s e  o f  p o s s i b l e  c o r ­
r e l a t i o n s  b e t w e e n  i n c o m e ,  c u r r e n t  p r i c e s , l a g g e d  p r i c e  a n d  l a g g e d  
‘c o n s u m p t i o n .  I n  t h e  c o n t e x t  o f  p o o l i n g  t i m e  s e r i e s  a n d  c r o s s - s e c t i o n s ,  
h o w e v e r ,  t h e r e  i s  n o  p r o b l e m  a t  l e a s t  f r o m  t h i s  d i r e c t i o n .
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a2 d2 a 3 d4
a 2 = d 3//d6 a 3 = d5^d6
a n d  t h r e e  f o r  A ,  s i n c e
A  =  d _6
X  =  d  / d
T h i s  m e a n s  t h a t  t h e  e s t i m a t i o n  p r o b l e m  f a l l s  i n  t h e  c a t e g o r y  o f  
c o n s t r a i n e d  m i n i m i z a t i o n .  T h e  r e s i d u a l  s u m  o f  s q u a r e s  t h e n  i s  t o  b e  
m i n i m i z e d  s u b j e c t  t o  t h e  f i v e  c o n s t r a i n t s
d 2 =  W  d 4  "  W  d 6  =  d 3/ d 2 ' .
d 6 "  <i5'/d 4 '  d 3d 2 = d 5//d4
T h e  c o r r e s p o n d i n g  L a g r a n g i a n  f u n c t i o n  w o u l d  t h u s  c o n t a i n  f i v e  n o n ­
l i n e a r  e q u a t i o n s  w h i c h  a r e  n o t  r e a d i l y  s o l v e a b l e  w i t h  t h e  c o n v e n t i o n a l  
l i n e a r  s y s t e m s .
I n  t h e s e  c a s e s  o n e  a d o p t s  a  n o n - l i n e a r  ( o r  s e a r c h )  m e t h o d ,  t r i e s  
a l l  p o s s i b l e  v a l u e s  o f  t h e  c o n s t r a i n t  p a r a m e t e r  A  w i t h i n  i t s  b o u n d a r i e s  
0  a n d  1 ,  a n d  c h o o s e s  t h e s e  v a l u e s  o f  a  , a ^ ,  a ^ #  a ^  t h a t  m i n i m i s e  t h e  
r e s i d u a l  s u m  o f  s q u a r e s  ( i e .  m a x i m i s e  R 2 ) . T h e s e  i t e r a t i v e  p r o c e d u r e s  
r a i s e  t w o  p r o b l e m s ,  n a m e l y ,
( 1 )  t h e  q u e s t i o n  o f  c o n v e r g e n c e ,  a n d ,
( 2 )  t h e  e x i s t e n c e  o f  m u l t i p l e  s o l u t i o n s ,  i e .  l o c a l  
m i n i m a  v e r s u s  g l o b a l  m i n i m u m .
A g a i n  w e  w o u l d  h a v e  t o  r e l y  o n  t h e  v a l u a b l e  s t u d y  b y  S a r g a n  ( 2 1 ) .
H e  h a s  s h o w n  t h a t  s u c h  a  s e a r c h  p r o c e d u r e  w i l l  a l w a y s  c o n v e r g e  t o  a  
s t a t i o n a r y  p o i n t  o f  t h e  r e s i d u a l  s u m .  o f  s q u a r e s . T h i s  i s  b e c a u s e  a t  
e a c h  s t e p  w e  a r e  m i n i m i s i n g  a  q u a d r a t i c  f u n c t i o n ,  t h e  s e q u e n c e  o f  v a l u e s  
o f  w h i c h ,  i s  a  b o u n d e d  d e c r e a s i n g  f u n c t i o n  t h a t  n e c e s s a r i l y  c o n v e r g e s  
t o  a  l i m i t .  T h e  p o s s i b i l i t y  o f  m u l t i p l e  s o l u t i o n s  i s  o v e r c o m e  b y  f i r s t l y  
t r y i n g  a  g r i d  o f  v a l u e s  o f  A  i n  s t e p s  o f ,  s a y ,  0 . 1  w i t h i n  t h e  r a n g e  
o f  0  a n d  1 ,  a n d  t h e n  u s i n g  a  f i n e r  s e a r c h  w h e r e  t h e  f u n c t i o n  s h o w s  a  
m i n i m u m  s o l u t i o n .  T h u s ,  a m o n g  t h e  p o s s i b l e  m i n i m a  t h e  a b s o l u t e  ( g l o b a l )  
m i n i m u m  i s  c h o s e n .
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T h e  t r e a t m e n t  o f  o u r  e s t i m a t i o n  p r o b l e m  i s  c l o s e l y  r e l a t e d  t o  a  
p r o b l e m  t h e o r e t i c a l l y  s o l v e d  b y  D u r b i n  ( 7 5 ) .  D u r b i n  h a s  s h o w n  t h a t  
i n  t h e  c a s e  o f  a u t o c o r r e l a t e d  d i s t u r b a n c e s  ( l e t  u s  a s u m e ,  f o r  s i m p l i ­
c i t y ,  a  f i r s t  o r d e r  a u t o r e g r e s s i v e  s c h e m e  a n d  a  m o d e l  w i t h  o n l y  o n e  
i n d e p e n d e n t  v a r i a b l e )  a  n o n - l i n e a r  m e t h o d  o f  e s t i m a t i n g  p  c a n  b e  a v o i d e d  
i f  w e  u s e  a  t w o  s t a g e  p r o c e d u r e .  I n  t h e  f i r s t  s t a g e  w e  a p p l y  O L S  t o
= a(l-p.) + bXfc - bpxt - pYt_L + wfc
a n d  i f  a l l  t h e  v a r i a b l e s  e x c e p t  o n e  a r e  c o m p l e t e l y  e x o g e n o u s ,  t h e n  t h e  • 
i n i t i a l  v a l u e  d e f i n e d  a b o v e  a s  t h e  c o e f f i c i e n t  o f  Y  ^  i s  a l r e a d y  a n  
a s y m p t o t i c a l l y  e f f i c i e n t  e s t i m a t e  o f  p . I f  f o l l o w s  t h a t  a  s t r a i g h t  
a p p l i c a t i o n  o f  O L S  t o  5 . 3 . 6  o u g h t  t o  y i e l d  a s y m p t o t i c a l l y  e f f i c i e n t  
e s t i m a t e s  o f  a ^ ,  a n d  A ,  a s  c o e f f i c i e n t s  o f  P o ^ / P c ^ ,  T ^  a n d  
r e s p e c t i v e l y .  A l t h o u g h  D u r b i n ' s  s i m i l a r  w o r k  m i g h t  o f f e r  a n  e a s y  
s o l u t i o n  t o  o u r  p r o b l e m  t h i s  p o i n t  i s  t e s t e d  e m p i r i c a l l y  a n d  t h e  r e s u l t s  
a r e  r e p o r t e d  i n  A p p e n d i x  C ,  P a r t  I .
T h e  f i n a l  e s t i m a t i o n  d i f f i c u l t y  r e l a t e s  t o  t h e  e r r o r  s t r u c u t r e  o f  
t h e  r e d u c e d  f o r m  e q u a t i o n .  I n  t h e  o r i g i n a l  e q u a t i o n  ( 5 . 3 . 1 )  t h e  e r r o r  
t e r m  w a s  a s s u m e d  t o  b e  p u r e l y  r a n d o m .  . A t  t h e  e n d  o f  t h e  a l g e b r a i c  m a n i ­
p u l a t i o n s ,  h o w e v e r ,  ( 5 . 3 . 6 )  t h e  e r r o r s  a r e  f o l l o w i n g  f i r s t  o r d e r  a u t o ­
c o r r e l a t i o n ,  s i n c e
nt  -  u t  -  AV l
or ut = X u ^  + nfc
A s  i s  w e l l  k n o w n ,  t h i s  i s  o n e  o f  t h e  i m p l i c a t i o n s  o f  t h e  K o y c k  t r a n s ­
f o r m a t i o n ,  w h i c h  i n  a n y  w a y  w a s  e x p e c t e d .  T h u s ,  b y  s p e c i f i c a t i o n  w e .  
h a v e  i n t r o d u c e d  a u t o c o r r e l a t i o n  i n  t h e  m o d e l .
N e v e r t h e l e s s  i t  w a s  a r g u e d ,  i n  C h a p t e r  T h r e e ,  t h a t  a u t o c o r r e l a t i o n  
d o e s  n o t  h a v e  a  s p e c i f i c  m e a n i n g  i n  c o n n e c t i o n  w i t h  p o o l i n g .  O r ,  t h a t  
t h e  c o v a r i a n c e  r a n s f o r m a t i o n  w o u l d ,  i n  a  w a y ,  e l i m i n a t e  i t .  W e  c a n  s t i l l  
s a y  t h a t  t h e  d u m m i e s  w o u l d  a b s o r b  s o m e  o f  t h e  a u t o c o r r e l a t i o n ,  i n  t h e  
d i s t u r b a n c e s ,  b u t  s i n c e  i t  i s  c e r t a i n  t h a t  w e  h a v e  b u i l t  i t ,  i t  c a n n o t  
b e  g u a r a n t e e d  w h e t h e r  t h e  d u m m i e s  w o u l d  a b s o r b  a l l  o f  i t .  T o  t h i s  e n d  
w e  h a v e  m a d e  s o m e  e x p e r i m e n t s  ( r e p o r t e d  i n  A p p e n d i x  C ,  P a r t  I I )  w h i c h  
s h o w  t h a t  a u t o c o r r e l a t i o n  i n d e e d  d o e s  n o t  e x i s t  e v e n  i n  t h i s  c a s e .
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O n e  o f  t h e  a d v a n t a g e s  o f  d y n a m i c  m o d e l s  i s  t h a t  t h e y  u s a u l l y  
y i e l d  s h o r t  a n d  l o n g  r u n  e l a s t i c i t i e s .  I n  t h e  f r a m e w o r k  o f  o u r  m o d e l  
t h e  l o n g  r u n  p r i c e  e l a s t i c i t y  c a n  b e  c a l c u l a t e d  a s  f o l l o w s .
S u p p o s e  t h a t  e q u a t i o n  5 . 3 . 6  i s  e x p r e s s e d  i n  l o g a r i t h m s ,  t h e n ,  a  
o n e  p e r  c e n t  c h a n g e  i n  p r i c e  w o u l d  i n d u c e  t h e  f o l l o w i n g  s e q u e n c e  o f  
c h a n g e s  i n  c o n s u m p t i o n
5.5 Estimation of Long Run Elasticities
P e r i o d
t
■t+1.
t + 2 .
C h a n g e  i n  H
--a2+(r-a2 X) — -a ^  (1+A)
- a  + l j \ - a 2 ( 1 + A ) ]  =  - a  ( 1 + A + A 2 )
t + n  =  - a ^ ( 1 + X + X 2 + . . . X n )
H e n c e  t h e  l o n g  r u n  e l a s t i c i t y  i s  g i v e n  b y  t h e  s u m m a t i o n  o f  t h e  s e r i e s  
S  =  - a 0 ( l + X + X 2 + . . . X n ) =  - a 0 - a 0 A - a 0 A 2 - . . . - a 0 A n  ( I )2. - A 2 £. 2
m u l t i p l y i n g  ( I )  b y  X  w e  g e t
A S  =  - a 2 X - a 2 X 2 - a 2 X 3 - . . . - a 2 X n + 1  ( I I )
S u b t r a c t i n g  ( I )  f r o m  ( I I )
, . n + 1 .
„ ~a 2 2 
1-A
a s  n  ■+ 00 t h e n  X  •+ 0  s i n c e  1  <  A  <  0
T h u s  L . R . E .  o f  p r i c e  =  - a  ~ r -A
■ T h e  l o n g  r u n  e l a s t i c i t y  f o r  i n c o m e  c a n  b e  c a l c u l a t e d  o n  t h e  s a m e  
r e a s o n i n g ,  w i t h  t h e  e x c e p t i o n  t h a t  i n  t h e  f i r s t  p e r i o d  t h e  e f f e c t  i s  • 
z e r o ,  b e c a u s e  a s  w e  h a v e  s a i d ,  i n c o m e  h a s  a  d e l a y e d  r e a c t i o n  o n  c o n ­
s u m p t i o n  .
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t  O
Period Change in H
t+1 a|A
t+2 a|A+a^A2 = a{(A+A2)
t+n. = a'(A+Az+...+A )
and the long run elasticity is given by the summation 
S = a{(A+A2+.. .+An) = a|A+a|A2+.. .+a>n
and
AS = a|A2+a{A3+...+a|An+1
b y  s u b t r a c t i o n
o r
S(l-A) = a|Ara|An+1
a' A (1-An).
S = 1-A
A s  n  •+ 00 t h e n  A  O
a^A
T h u s ,  L . R . E . o f  i n c o m e  = 1-A
5 . 6  A p p l i c a t i o n  o f  t h e  D y n a m i c  M o d e l  t o  t h e  D o m e s t i c  S e c t o r
M a k i n g  t h e  u s u a l  a s s u m p t i o n  t h a t  o u r  s t r u c t u r a l  r e l a t i o n s h i p  i s  
e s s e n t i a l l y  m u l t i p l i c a t i v e  i n . n a t u r e ,  w e  c a n  l i n e a r i s e  i t  w i t h  a  d o u b l e  
l a g a r i t h m i c  t r a n s f o r m a t i o n .  H e n c e
_ a q a  a
D = a Sd 7 P 2 T u 
t  0 .  t - l  t  t  t
0<A<1
s a  .  y JcA1
t - l  t - i - 11=0
and after succesive substitution the model to be estimated becomes
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& n 6  =  a  ( 1 - X ) * + a ' £ n Y .  + a _ J l n P  - a 0 A £ n P  + a  J l n T
t O  1  t - 1  2  t  2  t - 1  3  . t
- a ^ A & n T  + A £ n D  .
3  t  t - 1
w h e r e  D  =  D o m e s t i c  d e m a n d  f o r  o i l * *  i n  k i l o g r a m s  p e r  h e a d
Y  =  N a t i o n a l  d i s p o s a b l e  i n c o m e  p e r  h e a d  i n  1 9 6 3  U S $
P  =  P r i c e  o f  o i l  r e l a t i v e  t o  t h e  p r i c e  o f  c o a l  i n
1 9 6 3  d o l l a r s  p e r  t o n  ( c o a l  p e r  1 . 4  t o n s  i e .
e q u i v a l e n t  c a l o r i f i c .v a l u e )
T  =  T e m p e r a t u r e
S i n c e  n o  o t h e r  c o n s i s t e n t  t i m e  s e r i e s  w a s  f o u n d ,  t h e  e f f e c t  o f  
c o m p e t i n g  f u e l s  w a s  t a k e n  t o  b e  r e p r e s e n t e d  b y  t h e  p r i c e  o f  c o a l  
o n l y .  I d e a l l y  o n e  w o u l d  p r e f e r  t o  i n c l u d e  t h e  p r i c e  o f  g a s  a n d  
e l e c t r i c i t y  a l s o  f o r  a t  l e a s t  p a r t  o f  t h e  p e r i o d .  N e v e r t h e l e s s  s i n c e  
a  g r o w i n g  n u m b e r  o f  h o u s e h o l d s  ' u s e s  e l e c t r i c i t y  m o r e  a n d  m o r e ,  
a n d  e l e c t r i c i t y  p o w e r  s t a t i o n s  o p e r a t e  m a i n l y  o n  o i l  o r  c o a l  t h e  c o m ­
p e t i t i o n  e f f e c t  i s  p r o b a b l y  w e l l  r e p r e s e n t e d  i n  t h e  m o d e l .  B e s i d e s ,  
i t  w a s ’ a r g u e d  b e f o r e  t h a t  c o m p e t i t i o n  i n  t h e  f u e l  m a r k e t  s h o u l d  n o t  
b e  v e r y  s t r o n g  i n  t h e  s h o r t  r u n .  T h e r e f o r e  i f  o u r  r e s u l t s  h a v e  a n y  
b i a s ,  d u e  t o  e x c l u s i o n  o f  t h e  p r i c e s  o f  t w o  o f  t h e  c o m p e t i n g  f u e l s  
t h a t  w o u l d  b e  m o r e  r e l e v a n t  i n  t h e  l o n g  r u n .
T h e  p o p u l a t i o n  e f f e c t  i s  m o r e  p e r t i n e n t  i n  t h e  d o m e s t i c  s e c t o r  
t h a n  a n y w h e r e  e l s e ,  a l t h o u g h  i t  w o u l d  h a v e  b e e n  e v e n  b e t t e r  t o  h a v e  
i n c l u d e d  t h e  n u m b e r  o f  f a m i l i e s  b u t  s u c h  d a t a  d o  n o t  e x i s t .  T h e  m o d e l  
w a s  r u n  i n  b o t h  r a w  d a t a  a n d  o n  a  p e r  h e a d  b a s i s  a n d  t h e  l a t t e r  g a v e  
b e t t e r  r e s u l t s .  H e n c e  i n  a l l  r e g r e s s i o n s  t h e  e l a s t i c i t i e s  d e r i v e d  . 
r e f e r  t o  c o n s u m p t i o n  a n d  i n c o m e  p e r  h e a d .
F i r s t l y  t h e  s i m p l e  s t a t i c  m o d e l ,  i s  a p p l i e d  t o  t h e  e n t i r e  p e r i o d  
1 9 5 6 - 7 0  ( o n e  o b s e r v a t i o n  i s  l o s t  d u e  t o  t h e  l a g g e d  v a r i a b l e s ) . T h e  
r e s u l t s  o b t a i n e d  w e r e
J l n P  =  3 . 3 9 5 5  n Y  -  0 . 3 3 9 2  n P  -  0 . 2 1 1 4  n T  +  c o n s t a n t s
( 2 8 . 1 ) m  ( 2 . 8 5 )  ( 0 . 9 3 )
R 2  =  0 . 9 7 6 2
*  I t  i n c l u d e s  a l l  s e v e n  i n t e r c e p t s
* * G a s ,  d i e s e l  a n d  f u e l  o i l s
Ill
A l l  v a r i a b l e s  a s s u m e  t h e  r i g h t  s i g n  b u t  i n c o m e s *  e l a s t i c i t y  i s  m u c h  
h i g h e r  t h a n  w o u l d  b e  e x p e c t e d .  C o u l d  o i l  c o n s u m p t i o n  i n  t h e  h o u s e h o l d  
b e  s u c h  a  " l u x u r y "  g o o d  a s  t o  c h a n g e  b y  3 %  f o r  e v e r y  1 %  c h a n g e  i n  
i n c o m e ?  I f  t h e  c o n s u m p t i o n  o f  f u e l s  m e a s u r e s  s e r v i c e s  a n d  t h e s e  a r e  
m o r e  o r  l e s s  a  " n e c e s s i t y "  i n  t h e  h o u s e h o l d ,  t h e  s i z e  o f  i n c o m e s '  
e l a s t i c i t y  i s  u n a c c e p t a b l e .  T h e  e l a s t i c i t y  o f  t e m p e r a t u r e  i s  s t a t i ­
s t i c a l l y  i n s i g n i f i c a n t  a n d  i t s  s i z e  i s  l e s s  t h a n  t h e  o n e  ( - 0 . 3 )  w e  
f o u n d  f o r  t o t a l  e n e r g y .  W e  w o u l d  e x p e c t  i n  t h e  h o u s e h o l d  t h i s  e l a s ­
t i c i t y  t o  b e  m o r e  i m p o r t a n t  t h a n  f o r  t o t a l  e n e r g y .
M o v i n g  t o  t h e  d y n a m i c  s p e c i f i c a t i o n  t h a t  w e  p o s t u l a t e d ,  w e  o b t a i n  
t h e  f o l l o w i n g  r e s u l t s  f o r  t h e  s a m e  p e r i o d
Jhifi = 0.7955£nY. , - 0.2755^^ + 0.1771£nP^ _
( 4 . 6 8 )  ^  ( 3 , 1 4 )  1  ( 2 . 1 0 )  t ’ 1
-  0 . 4 8 8 1 & n T  +  0 . 3 4 4 0 £ n T  ’+  0 . 7 2 4 0 & n D  *
( 3 . 9 9 )  ( 2 . 7 2 )  t - 1  ( 1 7 . 1 )
R 2  =  0 . 9 9 1 4
A l l  e l a s t i c i t i e s  a p p e a r  w i t h  t h e  e x p e c t e d  s i g n  a n d  s i z e  a n d  a r e  s t a t i ­
s t i c a l l y  s i g n i f i c a n t .  T h e  e l a s t i c i t y  o f  i n c o m e  i s  n o w  a p p r o x i m a t e l y  
0 . 8 ,  w e l l  b e l o w  t h e  o n e  c o m p u t e d  b y  t h e  s t a t i c  m o d e l .  T e m p e r a t u r e  
e l a s t i c i t y  i s  s i g n i f i c a n t  a n d  i n  t h e  e x p e c t e d  r a n g e  ( 0 . 5 ) .  I t  s e e m s  
t h a t  t h e  r e l a t i o n s h i p  w e  a r e  t r y i n g  t o  e s t i m a t e  i s  i n h e r e n t l y  d y n a m i c ;  
t h i s  i s  w h y  t h e  r e s u l t s  o b t a i n e d  a r e  p l a u s i b l e  b y  a l l  c r i t e r i a .
T h e  r e s u l t s  o b t a i n e d  a r e  c o n d i t i o n a l  o n  t h e  a s s u m p t i o n  t h a t  t h e  
n o n - l i n e a r i t i e s  i n  t h e  p a r a m e t e r s  d o  n o t  c r e a t e  a  s p e c i a l  e s t i m a t i o n  
p r o b l e m  a s  D u r b i n  ( 7 5 )  h a s  p r o v e d .  U s i n g  a  n o n - l i n e a r  a p p r o a c h  ( t h e  
i t e r a t i o n s  a r e  r e p o r t e d  i n  A p p e n d i x  C ,  P a r t  I )  w e  f o u n d  t h a t  t h e
g l o b a l  m i n i m u m  w a s  a t t a i n e d  i n  a  v a l u e  o f  X  = 0 . 7 2 .  T h i s  i s  e x a c t l y
t h e  v a l u e  i m p l i e d  b y  a  s i n g l e  a p p l i c a t i o n  o f  O L S  t o  o u r  m o d e l  ( i e .  
0 . 7 2 4 0 ) .  I n  t h i s  c a s e  t h e n  D u r b i n ' s  c o n c l u s i o n s  a r e  v e r i f i e d .
T h e  s e c o n d  a n s w e r  w e  w o u l d  l i k e  t o  g i v e  i s  h o w  s t a b l e  o u r  s p e c i ­
f i c a t i o n  o f  t h e  m o d e l  i s . W e  c a n n o t  u s e  t h e  d e t a i l e d  d i v i s i o n  o f  
p e r i o d s  a s  i n  C h a p t e r  F o u r  b e c a u s e  h e r e  t h e  n u m b e r  o f  o b s e r v a t i o n s  
i s  c r u c i a l .  W e  n e e d  a s  m a n y  o b s e r v a t i o n s  a s  p o s s i b l e  i n  o r d e r  t o  b e  
s u r e  t h a t  t h e  d i s t r i b u t e d  l a g  b i a s  d o e s  n o t  a f f e c t  o u r  e s t i m a t e s .
*  H e n c e f o r t h  w e  w o u l d  n o t  q u o t e  t h e  c o n s t a n t  t e r m s  f o r  r e a s o n s  o f  
s i m p l i c i t y .
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H e n c e ,  t h e  e n t i r e  p e r i o d  i s  d i v i d e d  i n t o  t w o  t e n  y e a r l y  p e r i o d s ,  
1 9 5 6 - 6 5  a n d  1 9 6 1 - 7 0 ,  w i t h  f i v e  y e a r s  o v e r l a p .  I n  e a c h  s a m p l e  t h e n  
w e  h a v e  7 0  o b s e r v a t i o n s .  T h e  r e s u l t s  o b t a i n e d  f o r  t h i s  p e r i o d  w e r e  
a s  f o l l o w s
1 9 5 6 - 6 5
S t a t i c  M o d e l  
J l n D
Rk
=  3 . 4 3 3 1 £ n Y  -  0 . 4 3 0 4 i t n P  -  0 . 3 8 9 8 £ n T  
( 1 5 . 8 )  ( 2 . 6 3 )  t  ( 1 . 5 0 )
0 . 9 5 4 1
D y n a m i c  M o d e l
t o Y t - i
& n P .
t
& n P ^  , 
t - 1
teT't
* n V i
t o t _ i R 2
O L S 0 . 5 9 1 8 - 0 . 4 0 2 2 0 . 2 2 3 8 - 0 . 6 4 5 6 0 . 2 8 8 0 0 . 7 5 4 1 0 . 9 8 5 4
e s t i m a t e s ( 2 . 3 6 ) ( 3 . 2 0 ) 1 . 9 0 ) ( 4 . 1 2 ) ( 1 . 8 3 ) ( 1 3 . 3 )
N o n - l i n e a r
e s t i m a t e s
0 . 7 3 9 8
( 7 . 4 1 )
- 0 . 3 5 7 5
( 3 . 0 3 )
- 0 . 5 5 7 7
( 4 . 3 4 )
0 . 7 4 0 . 8 5 2 9 *  •
S t a t i c  M o d e l  
£ n D
R
1 9 6 1 - 7 0
=  3 . 2 4 1 3  n Y  -  0 . 1 6 1 8  n P
( 2 3 . 2 )  ( 1 . 1 5 )
2  -  0 . 9 7 5 1
0 . 4 4 2 0  n T  
(2.01)
D y n a m i c  M o d e l
t e y t - i t e P ^t t o P t - i
£ n T .
t
t o t _ i
£ n D t - l
R 2
O L S 0 . 6 3 5 7 - 0 . 1 4 0 9 0 . 1 4 3 9 - 0 . 3 5 7 6 0 . 2 1 7 6 0 . 7 6 2 2 0 . 9 9 2 3
e s t i m a t e s ( 2 . 4 5 ) ( 1 . 2 9 ) ( 1 . 2 2 ) ( 2 . 7 1 ) ( 1 . 4 3 ) ( 1 1 . 1 )
N o n - l i n e a r
e s t i m a t e s
0 . 6 1 8 8
( 9 . 2 6 )
- 0 . 1 6 0 7
( 1 . 6 3 )
- 0 . 3 5 1 8
( 3 . 2 5 )
0 . 7 6 0 . 8 8 2 9
I n  b o t h  s u b p e r i o d s  t h e  s t a t i c  s p e c i f i c a t i o n  i s  i n a d e q u a t e  t o  
d e s c r i b e  t h e  u n d e r l y i n g  r e l a t i o n s h i p  p r o p e r l y ,  O n  t h e  c o n t r a r y ,  t h e  
d y n a m i c  a d j u s t m e n t  m e c h a n i s m  p o s t u l a t e d ,  w o r k s  w e l l ,  a n d  a l l  e l a s t i c i t i e s
*  I t  o u g h t  t o  b e  r e m e m b e r e d  t h a t  t h e  t w o  d i f f e r e n t  R 2 s  . a r e  n o t  c o m ­
p a r a b l e  b e c a u s e  t h e  n o n - l i n e a r  e s t i m a t i o n  r e f l e c t s  t h e  e x p l a i n e d  
p a r t  o f  t h e  t r a n s f o r m e d  d e p e n d e n t  v a r i a b l e .  T h i s  i s  o n e  g o o d  r e a s o n  
t h a t  o n e  s h o u l d  n o t  e v e n  q u o t e  R 2 s  r e s u l t i n g  f r o m  t h e  a p p l i c a t i o n  o f  
l e a s t  s q u a r e s  o n  t r a n s f o r m e d  v a r i a b l e s ,  o r  a t  l e a s t  t r y  t o  s o m e h o w  
a d j u s t  t h e m  b e f o r e  a n y  c o m p a r i s o n s  a r e  m a d e .
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h a v e  a  p l a u s i b l e  e c o n o m i c  i n t e r p r e t a t i o n .  W e  s e e  t h a t  t h e  n o n - l i n e a r  
a p p r o a c h  t o  e s t i m a t i n g  t h e  m o d e l ,  y e i l d s  t h e  o p t i m a l  s t r u c t u r a l  e l a s ­
t i c i t i e s ,  a t  a  v a l u e  o f  A ,  v e r y  c l o s e  t o  t h e  o n e  p r o v i d e d  b y  a  s i m p l e
O L S  e s t i m a t i o n .  T h i s  m e a n s  t h a t  o u r  e s t i m a t i o n  p r o b l e m  i n  t h i s  c a s e  
c o u l d  h a v e  b e e n  a p p r o a c h e d  f r o m  a  m u c h  s i m p l e r  p o i n t  o f  v i e w .
L o o k i n g  a t  t h e  s t a b i l i t y  o f  t h e  c a l c u l a t e d  p a r a m e t e r s  w e  s e e  t h a t  
i n c o m e  e l a s t i c i t y  c h a n g e s  v e r y  l i t t l e ;  t h e  p r i c e  e l a s t i c i t y  h o w e v e r ,  
i s  r e d u c e d  f r o m  - 0 . 4 0  i n  t h e  f i r s t  p e r i o d  t o  - 0 . 1 4  i n  t h e  s e c o n d .  I t  
s e e m s  t h e n  t h a t  i f  t h e r e  h a v e  b e e n  a n y  c h a n g e s ,  i n  t h e  f a c t o r s  d e t e r ­
m i n i n g  o i l  d e m a n d  i n  t h e  d o m e s t i c  s e c t o r ,  t h e y  a r e  m a i n l y  r e f l e c t e d  
i n  a  c o n s i d e r a b l e  r e d u c t i o n  o f  t h e  p r i c e  e f f e c t .  A  p o s s i b l e  e x p l a n a t i o n  
i s  t h a t  i n  t h e  b e g i n n i n g  o f  t h e  p e r i o d  u n d e r  i n v e s t i g a t i o n  m o r e  c o n s u m e r s  
w e r e  b u y i n g  i n  t h e  n e w  m a r k e t ,  e i t h e r  b e c a u s e  t h e y  d i d  n o t  p o s s e s s  e n o u g h  
a p p l i a n c e s  o r  b e c a u s e  t h e y  w a n t e d  t o  s u b s t i t u t e  t h e i r  o l d  o n e s  w i t h  t e c h ­
n o l o g i c a l l y  " a d v a n c e d "  o i l  u s i n g  a p p l i a n c e s .  T h e r e f o r e ,  t h e  p r i c e  o f  o i l  
m a t t e r e d  a  l o t .  A t  t h e  e n d  o f  t h e  p e r i o d ,  h o w e v e r ,  a s  t h e  h o u s e h o l d  b e ­
c a m e  m o r e  a n d  m o r e  s a t u r a t e d  w i t h  a p p l i a n c e s  p r o p o r t i o n a t e l y  l e s s  a n d  l e s s
p u r c h a s e s  c o n s t i t u t e d  n e w  d e m a n d .  T h u s ,  t h e  p r i c e  e l a s t i c i t y  a p p e a r s  t o
b e  m u c h  m o r e  i n e l a s t i c  a n d  t h e  p r i c e  e f f e c t  i s  w e a k .
A s  f o r  t h e  t e m p e r a t u r e  e f f e c t  o n e  w o u l d  e x p e c t  i t  t o  b e  i n  b o t h
p e r i o d s  l a r g e r  t h a n  - 0 . 3  ( a s  e x p l a i n e d  p r e v i o u s l y )  b u t  m o r e  s t a b l e  t h a n
t h e  p r i c e  e f f e c t ,  t h e  f o r m e r  i s  a p p r o x i m a t e l y  t r u e  b u t  n o t  t h e  l a t t e r .
T h e  r e a s o n s  a r e  a n y b o d y ' s  g u e s s  a n d m y  b e  t h e  r e s u l t  o f  i n a d e q u a t e  d a t a .
I n  s u m m a r y  t h e  s h o r t  a n d  l o n g  r u n  e l a s t i c i t i e s  i m p l i e d  b y  o u r  m o d e l
a r e  a s  s h o w n  o n  t h e  f o l l o w i n g  p a g e ,
A  r o u g h  c o m p a r i s o n  o f  t h e s e  r e s u l t s  c a n  b e  m a d e  w i t h  r e l e v a n t  s t u d i e s ; 
N o r d h a u s  ( 4 1 ) ,  m e a s u r i n g  t h e  d e m a n d  f o r  t o t a l  e n e r g y  i n  t h e  d o m e s t i c  s e c t o r ,  
q u o t e s  a  l o n g  r u n  i n c o m e  a n d  p r i c e  e l a s t i c i t y  o f  1 . 0 8 0  a n d  - 0 . 7 9 0  r e s p e c ­
t i v e l y .  H i s  l o n g  r u n  p r i c e  e l a s t i c i t y  o u g h t  t o  b e  s m a l l e r ,  a s  i t  i s  f o r  
t h e  f i r s t  p e r i o d ,  b e c a u s e  t h e i e  i s  n o  c o m p e t i t i o n  f r o m  o t h e r  f u e l s .  H a l v o r s -  
e n  ( s e e  f o o t n o t e  p 3 2 )  i n  a  c r o s s - s e c t i o n  s t u d y  f o r  t h e  U . S .  r e g a r d i n g  t h e  
r e s i d e n t i a l  d e m a n d  f o r  e l e c t r i c i t y ,  q u o t e s  a  l o n g  r u n  p r i c e  e l a s t i c i t y  
w i t h i n  t h e  r a n g ' e  - 1 . 0 0  t o  - 1 . 2 1 .
S t r i c t l y  s p e a k i n g  o u r  r e s u l t s  a r e  n o t  c o m p a r a b l e  w i t h  r e s u l t s  o f  
o t h e r  s t u d i e s  b e c a u s e ,  a p a r t  f r o m  d i f f e r e n c e s  i n  m o d e l  s p e c i f i c a t i o n  a n d
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t y p e  o f  f u e l ,  v e r y  f e w  a u t h o r s  b o t h e r  w i t h  t h e  s t a b i l i t y  o f  t h e i r  
e s t i m a t e d  f u n c t i o n .  M o s t  w o u l d  f i t  a  r e l a t i o n s h i p  w i t h  t h e  m a x i m u m  
a v a i l a b l e  d a t a  a n d  t h e n  u s e  t h e  r e s u l t s  f o r  p r e d i c t i o n s .  O u r  p h i l o ­
s o p h y ,  h o w e v e r ,  h a s  b e e n  t o  i d e n t i f y  a  n u m b e r  o f  s t r u c t u r a l  s h i f t s  
a n d  s e e  t h e i r  i n f l u e n c e  o n  t h e  r e s u l t s  o v e r  t i m e .  T h u s  .it m a y  b e  
m o r e  p e r t i n e n t  t o  u s e  f o r  p r e d i c t i o n s  o n l y  t h e  l a t e s t  p e r i o d ,  w h i c h ,  
m e a n s  t h a t  a  n u m b e r  o f  t h e  t o t a l  o b s e r v a t i o n s  i s  w e l l  s a c r i f i c e d .
1 9 5 6 - 6 5
I n c o m e P r i c e T e m p e r a t u r e
S . R . 0 . 5 9 1 8 - 0 . 4 0 2 2 - 0 . 6 4 5 6
L . R . 1 . 8 1 4 9 - 1 . 6 3 5 6 - 0 . 6 4 5 6
S . R . 0 . 6 3 5 7 - 0 . 1 4 0 9
*
- 0 . 3 5 7 6
L . R . 2 . 0 3 7 6 - 0 . 5 9 2 5 - 0 . 3 5 7 6
1 9 6 1 - 7 0
O u r  e s t i m a t e  o f  t h e  l o n g  r u n  i n c o m e  e l a s t i c i t y  s h o w s  t h a t  i n  t h e  
l o n g e r  t e r m  t h e  d e m a n d  f o r  o i l  i s  m u c h  m o r e  e l a s t i c .  T h e  f a c t ,  t h a t  
a  o n e  p e r  c e n t  i n c r e a s e  i n  i n c o m e  w o u l d  b r i n g  a b o u t  e v e n t u a l l y  a  t w o  
p e r  c e n t  i n c r e a s e  i n  d e m a n d ,  w o u l d  p r o b a b l y  b e  u n a c c e p t a b l e  f o r  t o t a l  
e n e r g y ,  b u t  i t  c a n  b e  t r u e  f o r  o n e  s i n g l e  f u e l .  T h e  i n c o m e  e l a s t i c i t y  f o r  
a  p a r t i c u l a r  f u e l  r e v e a l s ,  i n t e r  a l i a ,  t h e  s u b s t i t u t i o n  e f f e c t  b e t w e e n  t h e  
v a r i o u s  f o r m s  o f  e n e r g y .  I n  t h e  p e r i o d  u n d e r  s t u d y ,  c o a l  h a s  b e e n  c o n ­
t i n u o u s l y  s u b s t i t u t e d  b y  o i l ,  b e c a u s e  t h e  l a t t e r  p r o d u c e d  a  m o r e  e f f i c i e n t ,  
c l e a n e r ,  a n d  c h e a p e r  s o u r c e  o f  e n e r g y .  I n  a  w a y ,  t h e n ,  i n c o m e  i n c r e a s e s
*  W e  h a v e  c h o s e n  t o  u s e  t h e  O L S  e s t i m a t e s  r a t h e r  t h a n . t h e  n o n - l i n e a r  
o n e s  b e c a u s e  t h e  v a l u e  o f  t h e  p a r a m e t e r  X  i n  w h i c h  t h e  f u n c t i o n  o b ­
t a i n e d  i t s  m i n i m u m  v a l u e  w a s  v e r y  c l o s e  i n  b o t h  m e t h o d s .  B e s i d e s ,  
a  f i n e r  s e a r c h ,  t o  t h e  t h i r d  o r  f o u r t h  d e c i m a l ,  m i g h t  h a v e  s h o w n  t h a t  
t h e  t w o  e s t i m a t i o n  p r o c e d u r e s  y e i l d  a l m o s t  i d e n t i c a l  r e s u l t s ;  s o m e t h i n g  
t h a t  h a s  b e e n  a v o i d e d  d u e  t o  t h e  c o m p u t a t i o n a l  b u r d e n  i n v o l v e d .  T h e  
L . R .  e l a s t i c i t i e s  h a v e  b e e n  c a l c u l a t e d  a c c o r d i n g  t o  t h e  f o r m u l a e  d e r i v e d  
i n  s e c t i o n  5 . 5  e g .
T „  . ( 0 . 5 9 1 8 ) ( 0 . 7 5 4 1 )  , ^
L . R . E .  f o r  i n c o m e  =  — — ■   =  1 . 8 1 4 9  a n d
1 - 0 . 7 5 4 1
, -  ~  -  • - 0 . 4 0 2 2  ,
L . R . E .  f o r  p r i c e  =  -- - ■ =  - 1 . 6 3 5 6* 1 - 0 . 7 5 4 1
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p r o v i d e d  t o  t h e  c o n s u m e r s  t h e  d e s i r e d  p u r c h a s i n g  p o w e r  t o  s a t i s f y  
t h e i r  p r e f e r e n c e s .  T h u s ,  i t  i s  n o t  s u r p r i s i n g  i f  t h e  b e h a v i o u r  o f  
o i l  c o n s u m e r s  i s  s i m i l a r  t o  t h e  b e h a v i o u r  i n  t h e  " l u x u r y "  g o o d s  
m a r k e t .  T h i s  m i g h t  b e  t h e  c a s e  i n  t h e  m a r k e t  o f  a n y  p a r t i c u l a r  f u e l ,  
p r o v i d e d  i t  p o s s e s s e s  c e r t a i n  a d v a n t a g e s  o v e r  t h e  r e s t .
T h e  s t o r y  t h a t  o u r  p r i c e  e l a s t i c i t i e s  t e l l  u s  i n  t h e  t w o  p e r i o d s  
i s  n o t  v e r y  c l e a r ,  s i n c e  t h e  c o m p u t e d  l o n g  r u n  e s t i m a t e s  a r e  v e r y  w i d e  
a p a r t .  I n  a  w a y ,  t h i s  s h o w s  t h e  f u t i l i t y  o f  a n y  " l o n g  r u n "  e s t i m a t e s .
L o n g  r u n  b e h a v i o u r  o u g h t  t o  b e  m o r e  s t a b l e  t h a n  t h e  s h o r t  r u n  o n e .  H e n c e  
t h e  t w o  l o n g  r u n  e s t i m a t e s  s h o u l d  b e  m o r e  c l o s e .  N e v e r t h e l e s s ,  i t  o u g h t  
t o  b e  r e m e m b e r e d  t h a t  a n y  l o n g  r u n  e l a s t i c i t y  c o m p u t e d  f r o m  a  m o d e l  i s  
c o n d i t i o n a l  o n  t h e  a l r e a d y  e s t i m a t e d  s h o r t  r u n  e l a s t i c i t y .  T h i s  m e a n s  
t h a t  o n c e  t h e  r e l a t i o n s h i p  c h a n g e s  l i t t l e  i n  t h e  s h o r t  r u n  s e n s e  i t  w o u l d '  
c h a n g e  b y  a  m u l t i p l e  i n  t h e  l o n g  r u n .
A s  f o r  t h e  t e m p e r a t u r e  e l a s t i c i t i e s  t h e r e  i s  n o  s e n s e  i n  d e f i n i n g  
s h o r t  a n d  l o n g  r u n  a d j u s t m e n t s .  P e o p l e  d o  n o t  d e v e l o p  e x p e c t a t i o n s  a b o u t  
t e m p e r a t u r e  i n  t h e  s a m e  w a y  a s  t h e y  d o  a b o u t  p r i c e ;  t h i s  i s  t h e  r e a s o n  
t h a t  b o t h  l o n g  a n d  s h o r t  r u n  e l a s t i c i t i e s  s h o u l d  a g r e e .
5 . 6 . 1  P r e d i c t i o n s
U s i n g  t h e  1 9 6 1 - 7 0  d y n a m i c  a n d  s t a t i c  m o d e l s  c o n d i t i o n a l ,  f o r e c a s t s  
f o r  t h e  c r i s i s  p e r i o d  1 9 7 1 - 7 4  a r e  m a d e .
T h e  d y n a m i c  m o d e l  p r e d i c t s  c o n s i s t e n t l y  b e t t e r  t h a n  t h e  s t a t i c  o n e ;  
s o m e t h i n g  t h a t  w a s  i n  a n y  c a s e  a n t i c i p a t e d .  T h e  d y n a m i c  m o d e l  p r e d i c t s  
w e l l  f o r  1 9 7 1  a n d  1 9 7 3 ,  p r e d i c t i o n s  b e c o m e  w o r s e  i n  1 9 7 2  b u t  i n  1 9 7 4  t h e y  
a r e  t o t a l l y  u s e l e s s .  E v e n  w o r s e ,  t h e  m o d e l  p r e d i c t s  a n  i n c r e a s e  i n  c o n ­
s u m p t i o n  f r o m  1 9 7 3  t o  1 9 7 4 .  A t  l e a s t  t h e  s t a t i c  m o d e l ,  i n a d e q u a t e  a s  i t  
i s ,  p r e d i c t s  a  f a l l  i n  t h e  l e v e l  o f  c o n s u m p t i o n  f r o m  1 9 7 3  t o  1 9 7 4 .
I n  o r d e r  t o  j u d g e  w h e t h e r  t h e  b a d  p r e d i c t i o n s  o f  t h e  d y n a m i c  m o d e l  
a r e  d u e  t o  t h e  t i m e  p e r i o d  o r  t o  t h e  s p e c i f i c a t i o n  " p r e d i c t i o n s "  f r o m  
t h e  1 9 5 6 - 6 5  d y n a m i c  m o d e l  w e r e  m a d e  J o r  t h e  f o u r  y e a r s  t h a t  f o l l o w  ( T a b l e  X X ) ,
T h e  p r e d i c t i o n s  o b t a i n e d  a r e  i n d e e d  w i t h i n  a c c e p t a b l e  l i m i t s  a n d  
c e r t a i n l y  b e t t e r  t h a n  t h o s e  o f  t h e  1 9 6 1 - 7 0  p e r i o d .  T h i s  m e a n s  t h a t ,  
a p a r t  f r o m  a  g o o d  f i t ,  t h e  m o d e l  p r e d i c t s  w e l l  i n  t h e  n o n - c r i s i s  y e a r s .
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TABLE XIX
P . C ,  O I L
1 9 6 1 - 7 0
D Y N A M I C
1 9 6 1 - 7 0
S T A T I C
C O N S U M P T I O N M O D E L % M O D E L %  •
A C T U A L P R E D I C T E D E R R O R P R E D I C T E D E R R O F
1 9 7 1 1 9 7 1 1 9 7 1
I 3 2 0 . 9 3 2 0 . 7 0 . 0 3 1 0 . 2 - 3 . 3
N 3 9 8 . 9 4 9 9 . 4 2 5 . 2 6 0 5  . 5 5 1  . 8
F 4 8 8 . 4 4 3 8 . 0 - 1 0 . 3 4 4 1  . 5 - 9 . 6
D 1 3 4 6 . 4 1 2 5 6 . 3 - 6 . 7 1 3 5 6 . 4 0 . 7
G 7 0 8 . 0 7 4 1  . 4 4 . 7 9 0 1  . 8 2 7 . 4
8 L 6 7 6 . 3 7 5 0 . 9 1 1 . 0 8 2 5 . 3 2 2 . 0
U K 1 9 9 . 7 2 0 3 , 1 1 . 7 2 0 4 . 6 2 . 5
E E C 4 1 3 8 . 4 4 2 0 9 . 8 - 1 . 7 4 6 4 5 . 4 1 2 . 3
1 9 7 2 1 9 7 2 1 9 7 2
I 3 5 0 . 5 3 4 5 . 5 - 1 . 4 3 3 8 . 7 - 3 . 4
N 4 0 1  . 9 5 0 9 . 8 2 6 . 9 7 3 7 . 5 8 3 . 5
F 5 6 4 . 9 5 4 9 . 7 - 2 . 7 4 1 5 . 8 - 2 6 . 4
D 1 3 7 0 . 3 1 5 5 8 . 0 1 3 . 7 1 6 2 0 . 0 1 8 . 2
G 7 1 8 . 7 8 6 8 . 4 2 0 . 8 9 4 2 . 7 3 1  . 2
B L 7 5 8 . 6 8 2 8 . 3 9 . 2 1 0 3 8 , 5 3 6 . 9
U K 2 1 1  . 0 2 1 6 . 7 2 . 7 2 3 1  . 3 9 . 6
E E C 4 3 7 6 . 0 4 8 7 6 . 3 1 1 . 4 5 3 2 4 . 4 2 1  . 7
I
1 9 7 3
3 4 7 . 2
1 9 7 3
3 6 4 . 9 5 . 1
1 9 7 3
3 6 3 . 4 4 . 7
N 4 1 0 . 9 4 7 4 . 6 1 5 . 5 7 7 1  . 5 8 7 . 8
F 6 2 8 . 7 5 6 5 . 7 1 0 , 0 4 6 3 . 4 - 2 6 . 3
D 1 3 6 5 . 4 1 5 7 0 . 2 1 5 . 0 1 8 5 0 . 0 3 5 . 5
G 7 6 3 . 1 7 4 7 . 3 - 2 . 1 9 1 9 . 0 2 0 .  4
B L 7 8 2 . 4 8 2 9 . 9 6 . 1 1 1 1 3 . 8 4 2 . 4
U K 2 1 7 . 6 2 1 8 . 6 0 . 4 2 5 2 . 5 1 6 . 0
E E C ■ 4 5 1 5 , 2 4 7 7 1 . 1 ' 5 . 7 5 7 3 3 . 6 2 7 . 0
1 9 7 4 1 9  7 4 1 9 7 4
I 3 3 6 . 5 3 9 3 , 1 1 6 , 8 3 6 4 . 0 8 , 2
N 2 9 1  . 1 4 1 0 . 8 7 5 . 5 7 8 3 . 2 1 6 9 . 1
F 5  4  8 . 0 6 5 7 . 4 2 0 . 0 4 7 5 . 4 1 3 . 2
D 1 1 8 4 . 0 1 6 4 1 . 6 3 8 . 7 1 5 3 8 . 8 3 0 . 0
0 6 1 4 . 5 8 0 8 . 3 3 1  . 5 8 3 7 . 9 3 6 . 4
B L 6 3 7 . 0 9 0 5 . 3 4 2 . 1 1 2 4 9 . 0 9 6 . 1
U K ' 1 9 1 . 2 2 2 4 . 3 1 7 . 3 2 1 5 . 6 1 2 . 8
E E C 3 8 0 2 . 2 5 1 4 0 . 8 3 5 . 2 5 6 6 3 . 8 4 3 . 7
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TABLE XX
1 9 5 6 - 6 5 1 9 5 6 - 6 5
P . C .  O I L D Y N A M I C P . C .  O I L d y n a m i c
C O N S U M P T I O N M O D E L % C O N S U M P T I O N M O D E L y.
A C T U A L P R E D I C T E D E R R O R A C T U A L P R E D I C T E D E R R O R
1 9 6 6 1 9 6 6 1 9 6 8 1 9 6 8
I 1 3 3 , 6 1 2 9 . 7 - 2 . 9 1 9 7 . 8 1 8 8 . 5 - 4 . 7
N 3 2 4 . 1 3 1 2 . 3 " 3 . 7 3 7 7 . 8 3 5 7 . 4 - 5 . 4
F 2 2 0 . 9 2 2 7 . 7 3 . 1 3 0 9 . 0 2 9 5 . 5 - 4 . 4
D 8 9 5 , 2 9 3 1  . 3 4 . 0 1 1 6 5 . 6 1 0 5 3 . 0 - 9 . 7
G 4 1  4 . 3 4 4 1  . 9 6 . 7 4 9 3 . 2 4 8 3 . 7 - 1  . 9
B l 4 0 3 . 3 3 8 8 . 5 - 3 , 7 5 2 7 . 5 4 7 9 . 0 - 9 . 2
U K 1 4 1  . 4 1 5 1  . 6 7 . 2 1 6 9 . 1 1 7 1  . 0 1 . 1
E E C 2 5 3 2 . 7 2 5 8 2 . 9 2 . 0 3 2 4 0 . 0 3 0 2 8 . 1 - 6 . 5
1 9 6 7 1 9 6 7 1 9 6 9 1 9 6 9
I 1 7 3 . 0 1 4 7 . 5 - 1 4 , 7 2 3 2 . 3 2 1 8 . 9 - 5 . 8
N 3 2 4 . 9 3 2 1  . 1 - 1 . 2 3 7 7 . 4 4 3 2 . 3 1 4 . 5
F 2 6 8 . 9 2 4 6 . 8 - 8 . 2 3 4 1 . 6 3 3 2 . 0 - 2 . 8
D 1 0 4 0 . 3 9 0 8 . 2 - 1 2 . 7 1 3 9 5 . 5 1 2 5 5 . 5 - 1 0 . 0
G 4 3 2 . 1 4 4 7 . 9 3 . 7 5 9 7 . 1  , 6 2 6 . 7 4 . 9
8 1 4 4 5 . 7 4 0 3 . 4 - 9 . 5 5 8 1 . 3  ' 5 4 8 . 0 - 5 . 7
U K 1 5 3 . 6 1 5 7 . 3 2 . 4 1 8 2 . 8 1 9 4 . 4 6 . 3
E E C 2 8 3 8 . 5 2 6 3 2 . 2 - 7 . 3 3 7 0 7 . 9 3 6 0 7 . 8 - 2 . 7
I t  i s  m a i n l y  i n t h e  c r i t i c a l 1 9 7 4  y e a r t h a t  t h e  m o d e l a p p e a r s  t o  b r e a k
d o w n .  T h i s  i s  m o s t  p r o b a b l y  d u e  t o  t h e  e x o g e n o u s  f a c t o r  o f  e x p e c t a t i o n s  
t h a t  w a s  b u i l t  i n  t h e  m o d e l  t h r o u g h  t h e  l a g  s t r u c t u r e  u s e d .  I f  e x p e c t a ­
t i o n s  i n c u r r e d  a  d r a s t i c  c h a n g e  a t  t h e  e n d .  o f  1 9 7 3 / b e g i n n i n g  o f  1 9 7 4 ,  a s  
t h e y  d i d ,  w h a t  c o n s t i t u t e s  t h e  d e s i r e d  s t o c k  o f  e n e r g y  c o n s u m i n g  a p p l i ­
a n c e s  m u s t  h a v e  a l s o  c h a n g e d  d r a s t i c a l l y .  I n  t h i s  c a s e ,  a  m o d e l  e s t i ­
m a t e d  u n d e r  a  n o r m a l  p e r i o d ,  w o u l d  n o t  b e  a b l e  t o  c a p t u r e  t h e  e x p e c t a t i o n  
f o r m a t i o n  o f  a n  a b n o r m a l  o r  c r i s i s  p e r i o d .  I t  o u g h t  t o  b e  e m p h a s i s e d ,  
h o w e v e r ,  t h a t  o u r  f i n d i n g s  r e l a t e  t o  t h e  o i l  m a r k e t  a n d  p r e d i c t i o n s  f r o m  
a  d y n a m i c  m o d e l .  A s  w e  s a w  i n  C h a p t e r  F o u r  a  s t a t i c  a g g r e g a t e  m o d e l  g a v e  
v e r y  g o o d  p r e d i c t i o n s  f o r  t h e  e n t i r e  c r i s i s  p e r i o d .
5 . 7  A p p l i c a t i o n  o f  t h e  D y n a m i c  M o d e l  t o  t h e  T r a n s p o r t a t i o n  S e c t o r
T h e  h o u s e h o l d  d e m a n d  f o r  o i l  m i g h t  b e  t a k e n  t o  i n c l u d e  a l s o  t h e  
d e m a n d  f o r  m o t o r  g a s o l i n e .  I n  t h i s  c a s e  t h e  d y n a m i c  m o d e l  a l r e a d y  
d e v e l o p e d  m a y  b e  u s e f u l l y  a p p l i e d ,  t o  t h i s  s e c t o r .  A g a i n ,  i n  t h e  f r a m e w o r k
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o f  o u r  a n a l y s i s ,  w e  m a k e  t h e  a s s u m p t i o n  t h a t  m o t o r  g a s o l i n e  c o n s u m p ­
t i o n  d e p e n d s  o n  t h e  p r i c e  o f  m o t o r  g a s o l i n e  a n d  t h e  d e s i r e d  a m o u n t  
o f  t r a n s p o r t a t i o n  s e r v i c e s .  T h e s e  s e r v i c e s ,  w h i c h  a r e  d i r e c t l y  a n a ­
l o g o u s  t o  t h e  d e s i r e d  s t o c k  o f  c a r s ,  a r e  a  f u n c t i o n  o f  a  s t r e a m  o f  
p a s t  i n c o m e s  d e f l a t e d  b y  t h e  c o n s u m e r  p r i c e  i n d e x .  I n  s y m b o l s
_ _  d b l  b 2
T R t  =  b o  s t - i  p t  u t
s t  = I  ykXt - 1  .1=0
l
t - i - 1
0<X<1
a n d  a f t e r  t h e  u s u a l  a l g e b r a i c  m a n i p u l a t i o n s  a n d  l i n e a r i s a t i o n ,  w e  a r r i v e  
a t  t h e  f o l l o w i n g  e s t i m a b l e  m o d e l
£ n T R  =  b  + b  ' £ n Y  , + b _ A n P  - b . A & n P ^  , - A £ n T R  , 
t  0  1  t - 1  2  t  2  t - 1  t - 1
w h e r e  T R  =  M o t o r  g a s o l i n e  c o n s u m p t i o n  f o r  r o a d
t r a n s p o r t  i n  1 0 3 m e t r i c  t o n s  ,
6
Y  =  N a t i o n a l  d i s p o s a b l e  i n c o m e  i n  1 0  U S $  
a n d  1 9 6 3  p r i c e s  
P  =  P r i c e  o f  m o t o r  g a s o l i n e  i n  1 9 6 3  U S $  
p e r  t o n
I t  w o u l d  h a v e  m a d e  m o r e  s e n s e  t o  e x p r e s s  b o t h  q u a n t i t y  a n d  p r i c e  
o n  a  p e r  g a l l o n  b a s i s ,  b u t  a s  w e  k n o w ,  e l a s t i c i t i e s  a r e  u n i t - f r e e  a n d  
a n y  u n i t s  o f  m e a s u r e m e n t  u s e d  w o u l d  h a v e  p r o d u c e d  i d e n t i c a l  r e s u l t s  
e x c e p t  f o r  t h e  c o n s t a n t s .  C o n s u m p t i o n  q u a n t i t i e s  a n d  i n c o m e s  w e r e  n o t  
e x p r e s s e d  o n  a  p e r  c a p i t a  b a s i s  b e c a u s e  t h e  m o d e l  d i d  n o t  p r o d u c e  g o o d  
r e s u l t s  w h e n  t h e s e  v a r i a b l e s  w e r e  u s e d .  T h i s  c a n  p a r t l y  b e  j u s t i f i e d  
o n  t h e o r e t i c a l  g r o u n d s .  S u p p o s e  t h a t  t h e  s i z e  o f  a  f a m i l y  i s  i n c r e a s e d  
b y  o n e  m e m b e r ,  t h i s  w o u l d  m e a n  t h a t  s o m e  o f  t h e  p o w e r  u s i n g  a p p l i a n c e s  
w o u l d  b e  u s e d  m o r e  a n d  p e r h a p s  s o m e  n e w  o n e s  b e  p u r c h a s e d .  T h i s ,  h o w ­
e v e r ,  d o e s  n o t  n e c e s s a r i l y  i m p l y  t h a t  a  n e w  c a r  w i l l  b e  b o u g h t ,  e s p e c i a l l y  
w h e n  w e  c o n s i d e r  t h e  c a p i t a l  e x p e n d i t u r e  r e q u i r e d  a n d  t h e  e x i s t e n c e  o f  
a  w e l l  o r g a n i s e d  p u b l i c  t r a n s p o r t  s e r v i c e .  H e r e  a g a i n  t h e  n u m b e r  o f  f a m i ­
l i e s  c o u l d  h a v e ,  b e e n  a  m o r e  p e r t i n e n t  v a r i a b l e  t o  u s e .
A  t e m p e r a t u r e  v a r i a b l e  w a s  n o t  u s e d  b e c a u s e ,  d u e  t o  t h e  n a t u r e  o f  
p o o l i n g ,  i t  w o u l d  p r o b a b l y  m a d e  l i t t l e  s e n s e .  I n  s o m e  c o u n t r i e s  ( u s u a l l y  
c o l d  o n e s )  w a r m e r  w e a t h e r  w o u l d  l e a d  t o  h i g h e r  m o t o r  g a s o l i n e  c o n s u m p t i o n
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b e c a u s e  o f  m o r e  c a r s  o n  t h e  r o a d .  I n  o t h e r  c o u n t r i e s  h o w e v e r ,  ( u s u a l l y  
w a r m  o n e s )  a  r i s e  i n  t e m p e r a t u r e  i s  a n  i n c e n t i v e  t o  a b s t a i n  f r o m  d r i v i n g  
a n d  p e r h a p s  w a i t  u n t i l  c o o l e r  w e a t h e r  c o m e s  o n .  I n  t h e s e  c a s e s  i t  i s  
n o t  c l e a r  w h a t  t h e  e x p e c t e d  s i g n  o f  t h e  t e m p e r a t u r e  v a r i a b l e  o u g h t  t o  b e .  
N e v e r t h e l e s s ,  i n  s o m e  p r e l i m i n a r y  r e g r e s s i o n s  a  t e m p e r a t u r e  v a r i a b l e  w a s  
i n c l u d e d  a n d  t h e  s i g n  t r u n e d  o u t  t o  b e  p o s i t i v e  b u t  v e r y  i n s i g n i f i c a n t .
A s  f o r  t h e  c o m p e t i t i o n  f r o m  o t h e r  f u e l s  n o  s i g n i f i c a n t  s u b s t i t u t e  
e x i s t s  f o r  m o t o r  g a s o l i n e  u n l e s s  w e  c o n s i d e r  o t h e r  f o r m s  o f  t r a n s p o r t .  
T h u s  t h e  o n l y  c o m p e t i t i o n  i n c l u d e d  i n  t h e  m o d e l  i s  t h a t  q f  t h e  g e n e r a l  
p r i c e  l e v e l .
T h e  a p p l i c a t i o n  o f  t h e  m o d e l  t o  t h e  e n t i r e  p e r i o d  1 9 5 6 - 7 0  y i e l d s  
t h e  f o l l o w i n g  r e s u l t s
* n Y t - l
f t n P .
t £ n P t - l
& n T R  _ 
t - l
R 2
OLS 0 . 2 7 4 8 - 0 . 3 3 0 9 0 . 1 4 6 8 0 . 8 2 2 5 0 . 9 9 8 8
e s t i m a t i o n ( 3 . 8 8 ) ( 4 . 6 1 ) ( 1 . 8 4 ) ( 2 0 . 7 )
N o n - l i n e a r
e s t i m a t i o n
0 . 2 4 8 5
( 1 5 . 8 )
- 0 . 3 0 5 4
( 4 . 3 7 )
0 . 8 6 0 . 9 4 8 0
I t  i s  t h e  f i r t  t i m e  t h a t  w e  o b s e r v e  s o m e  d i f f e r e n c e  b e t w e e n  t h e  
O L S  a n d  n o n - l i n e a r  e s t i m a t i o n  o f  t h e  p a r a m e t e r  A .  N e v e r t h e l e s s ,  t h e  
e l a s t i c i t i e s  a r e  o n l y  m a r g i n a l l y  d i f f e r e n t .  A l l  e l a s t i c i t i e s  a s s u m e  
t h e  r i g h t  s i g n  a n d  a  p l a u s i b l e  m a g n i t u d e .
D i v i d i n g  f u r t h e r  t h e  w h o l e  p e r i o d  i n t o  t w o  s u b p e r i o d s  a n d  a p p l y i n g  
t h e  m o d e l  w e  o b t a i n
1 9 5 6 - 6 5
£ n Y ^  , £ n P & n P .  . £ n T R  , R 2
t - l t t - l t - l
O L S 0 . 4 2 4 2 - 0 . 4 7 8 7 0 . 1 2 7 0 0 . 7 2 7 7 0 . 9 9 8 8
e s t i m a t i o n ( 4 . 0 6 ) ( 5 . 0 3 ) ( 1 . 3 2 ) ( 1 1 . 5 )
N o n - l i n e a r
e s t i m a t i o n
0 . 3 9 0 1
( 1 2 . 7 )
- 0 . 3 9 1 4
( 3 . 9 7 )
1 r—
1 
t CO 0 . 9 6 7 1
W e  s e e ,  t h a t  i n  t h e  1 9 5 6 - 6 5  p e r i o d  t h e  n o n - l i n e a r  a p p r o a c h  y e i l d s  
a g a i n  d i f f e r e n t  r e s u l t s ,  s o m e t h i n g  t h a t  m a k e s  i t s  u s e  w o r t h w h i l e .  I n  
t h e  s e c o n d  p e r i o d  t h e  r e s u l t s  a r e  a l m o s t  i d e n t i c a l .  T h e  e l a s t i c i t i e s
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1961-70
t o Y t _ i & n P ^
t t - 1
J l n T R  . 
t - 1
R 2
O L S 0 . 2 3 8 6 - 0 . 1 5 5 2 0 . 0 9 3 2 0 . 8 2 0 8 0 . 9 9 9 4
e s t i m a t i o n ( 2 . 7 2 ) ( 2 . 1 0 ) ( 1 . 0 3 ) ( 1 9 . 5 )
N o n - l i n e a r
e s t i m a t i o n
0 . 2 5 6 8
( 1 2 . 6 )
- 0 . 1 5 8 4
( 2 . 2 3 )
0 . 8 1 0 . 9 8 3 9
o b t a i n e d ,  a s  i n  t h e  c a s e  o f  t h e  d o m e s t i c  s e c t o r ,  s h o w  a  d r a s t i c  c h a n g e  
b e t w e e n  t h e  t w o  p e r i o d s ,  e s p e c i a l l y  f o r  t h e  p r i c e  v a r i a b l e .  I t  s e e m s  
t h a t  t h e  d e m a n d  f o r  m o t o r  g a s o l i n e  h a s  b e c o m e  m o r e  a n d  m o r e  p r i c e  a n d  
i n c o m e  i n c e n c i t i v e ;  s o m e t h i n g  t h a t  i m p l i e s  a  s a t u r a t i o n  o f  t h e  m a r k e t .  
A s  a n  i n c r e a s i n g  n u m b e r  o f  f a m i l i e s  o w n s  a  c a r ,  d e m a n d  f o r  m o t o r  g a s o ­
l i n e  b e c o m e s  m o r e  o f  a  n e c e s s i t y .  O u r  o w n  s h o r t  a n d  l o n g  r u n  e l a s t i ­
c i t i e s  f o r  t h e  t w o  p e r i o d s  a r e
S . R .
1 9 5 6 - 6 5
L. R.
I n c o m e
0 . 3 9 0 1
1 . 6 6 3 1
P r i c e  
■ - 0 . 3 9 1 4
• 2 . 0 6 0 0
S . R .
1 9 6 1 - 7 0
L . R .
0 . 2 3 8 6
1 . 0 9 2 9
- 0 . 1 5 5 2
- 0 . 8 6 6 1
T h e s e  e s t i m a t e s  c a n  b e  c o n t r a s t e d  w i t h  e l a s t i c i t y  e s t i m a t e s  o f  
o t h e r  s t u d i e s  i n  t h e  f i e l d .  H o u t h a k k e r  a n d  V e r l e g e r  ( 7 6 )  u s e d  a  
p o o l i n g  t e c h n i q u e  w i t h  t h e  d i f f e r e n t  S t a t e s  o f  U . S .  a n d  c a l c u l a t e d  
t h e  s h o r t  a n d  l o n g  r u n  e l a s t i c i t i e s  o f  i n c o m e  a n d  p r i c e  w . r . t .  m o t o r  
g a s o l i n e .  S i n c e  t h e i r  e s t i m a t e s  c o v e r  t h e  e n t i r e  1 9 4 9 - 1 9 7 1  p e r i o d ,  
h e r e  w e  q u o t e  o n l y  a  n u m b e r  o f  s e l e c t e d  y e a r s .
A n o t h e r  s t u d y ,  r e f e r i n g  a g a i n  t o  U . S .  a n d  a  p o o l e d  m o d e l  o n  a  - 
q u a r t e r l y  b a s i s ,  h a s  b e e n  d o n e  b y  V e r l e g e r  a n d  S h e e h a n  ( 7 7 )  . T h e i r  
m o t o r  g a s o l i n e  e l a s t i c i t i e s  f o r ,  s a y ,  t h e  f o u r t h  q u a r t e r  a r e  a s  
s h o w n  o n  t h e  f o l l o w i n g  p a g e .
L a s t l y  N o r d h a u s  ( 4 1 )  q u o t e s  a  l o n g  r u n  i n c o m e  a n d  p r i c e  e l a s ­
t i c i t y ,  f o r  t h e  t r a n s p o r t a t i o n  s e c t o r ,  o f  1 . 3 4  a n d  - 0 . 3 6  r e s p e c t i v e l y ,
H a v i n g  i n  m i n d  t h e  d i f f e r e n c e s  o f ,  m o d e l  s p e c i f i c a t i o n ,  t i m e  
i n t e r v a l  a n d  r e g i o n s  w h e r e  t h e  m o d e l s  w e r e  a p p l i e d ,  w e  c a n  c o n c l u d e
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A n n u a l  p r i c e  a n d  i n c o m e  e l a s t i c i t i e s  
i n  t h e  H a r t h a k k e r - V e r l e g e r  m o d e l
I n c o m e P r i c e
S . R . L . R . S . R . L . R .
1 9 4 9 0 . 4 8 4 0 . 8 4 8 - 0 . 6 5 9 - 1 . 1 5 3
1 9 5 3 0 . 4 4 0 0 . 7 7 0 - 0 . 5 1 1 - 0 . 8 9 6
1 9 5 7 0 . 4 2 5 0 . 7 4 4 - 0 . 4 6 5 - 0 . 8 1 5
1 9 6 1 . 0 . 4 2 4 0 . 7 4 3 - 0 . 4 1 9 - 0 . 7 3 3
1 9 6 5 0 . 4 5 8 0 . 8 0 2 - 0 . 3 6 9 - 0 . 6 4 6
1 9 6 9 0 . 4 4 9 0 . 7 8 7 - 0 . 3 1 4 - 0 . 5 5 1
1 9 7 0 0 . 4 4 8 0 . 7 8 4 - 0 . 2 9 7 - 0 . 5 2 0
1 9 7 1 0 . 4 4 8 0 . 7 8 5 - 0 . 2 8 2 - 0 . 4 9 5
Q u a r t e r l y  p r i c e  a n d  i n c o m e  e l a s t i c i t i e s  
i n  t h e  V e r l e g e r - S h e e h a n  m o d e l
I n c o m e P r i c e
S . R . L . R . S . R . L . R .
1 9 6 3 . 4 0 . 3 1 4 1 . 0 4 - 0 . 1 8 9 - 0 . 6 3 3
1 9 6 4 . 4 0 . 3 2 3 1 . 0 8 - 0 . 1 9 5 - 0 . 6 1 9
1 9 6 5 . 4 0 . 3 3 3 1 . 1 1 - 0 . 1 8 1 - 0 . 6 0 5
1 9 6 6 . 4 0 . 3 3 2 1 . 1 0 - 0 . 1 7 5 - 0 . 5 8 6
1 9 6 7 . 4 0 . 3 2 9 1 . 1 0 - 0 . 1 7 0 - 0 . 5 6 7
1 9 6 8 . 4 0 . 3 1 9 1 . 0 6 - 0 . 1 5 6 - 0 . 5 2 1
1 9 6 9 . 4 0 . 3 1 1 1 . 0 4 - 0 . 1 4 5 - 0 . 4 8 6
1 9 7 0 . 4 0 . 3 1 1 1 . 0 3 - 0 . 1 4 2 - 0 . 4 7 3
1 9 7 1 . 4 0 . 3 0 7 1 . 0 2 - 0 . 1 3 5 - 0 . 4 5 0
1 9 7 2 . 4 0 . 3 0 7 1 . 0 2 - 0 . 1 2 3 - 0 . 4 1 2
t h a t  o u r  s h o r t  r u n  e l a s t i c i t i e s  a r e  v e r y  c o m p a r a b l e  w i t h  t h o s e  o f  
o t h e r  s t u d i e s .  T h e  l o n g  r u n  o n e s ,  d e p e n d i n g  o n  t h e  s p e c i f i c  l a g  
s t r u c t u r e  a s s u m e d ,  a r e  b o u n d  t o  b e  d i f f e r e n t  a n d  i n d e e d  t h e y  a r e .
O u r  l o n g  r u n  e l a s t i c i t i e s  f o r  t h e  1 9 5 6 - 6 5  p e r i o d  a d m i t t e d l y  s e e m  t o  
b e  s o m e h o w  o u t  o f  l i n e .  I t  i s  d o u b t f u l  w h e t h e r  r e a c t i o n s  t o  l o n g  
r u n  i n c o m e  a n d  p r i c e  c h a n g e s  a r e  o f  t h i s  m a g n i t u d e .  A n o t h e r  i m ­
p o r t a n t  c o n c u l s i o n  s t e m i n g  f r o m  t h i s  c o m p a r i s o n  i s  t h a t ,  a s  i n  o u r  
c a s e ,  t h e  H o u t h a k k e r - V e r l e g e r  a n d  V e r l e g e r - S h e e h a n  r e s u l t s  d e p i c t  
a  m a r k e d  r e d u c t i o n  o f  t h e  p r i c e  e l a s t i c i t y  a t  t h e  e n d  o f  t h e  p e r i o d .
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T A B L E  XX X
1 9 6 1 - 7 0 1 9 6 1 - 7 0
M . G A S O L I N  E D Y N A M I C M . G A S O L I N E D Y N A M I C
C O N S U M P T I O N M O D E L % C O N S U M P T I O N M O D E L %
A C T U A L P R E D I C T E D E R R O R A C T U A L P R E D I C T E D E R R O R
1 9 7 1 1 9 7 1 1 9 7 3 1 9 7 3
I 9 4 9 2 9 8 6 8 4 . 0 1 1 0 1 6 1 1 2 1 0 1 . 8
N 3 2 0 0 3 1 5 6 - 1 . 4 3 5 1  5 3 6 2 6 3 . 2
F 1 3 0 2 0 1 2 6 3 9 - 2 . 9 1 5 5 1 7 1 4 8 1 3 - 4 . 5
D 1 4 7 3 1 5 1 1 2 . 6 1 5 3 3 1 6 2 3 5 . 9
G 1 7 4 7 0 1 6 6 3 1 - 4 . 8 1 8 7 9 0 1 9 6 0 2 4 . 3
B L 2 4 1 5 2 4 0 7 - 0 . 3 2 7 1 3 2 7 7 7 2 . 4
U K 1 4 9 6 3 1 4 5 2 0 - 3 . 0 1 6 9 2 6 1 6 1 5 6 - 4 . 5
E E C 6 2 0 3 3 6 0 7 3 2 - 2 . 1 7 0 0 1 0 6 9 8 0 7 i © • CM
1 9 7 2 1 9 7 2 v 1 9 7 4 1 9 7 4
I 1 0 2 8 1 1 0 3 5 0 0 . 7 1 0 2 1 6 1 1  3 ° 9 1 1 . 6
N 3 3 8 0 3 4 4 9 2 . 0 3 1 6 2 3 7 4 1 1 8 . 3
f 1 4 2 4 2 1 3 9 3 3 - 2 . 2 1 4 9 3 6 1 5 5 5 4 4 . 1
D 1 4 9 9 1 5 7 0 4 . 7 1 4 1 0 1 6 2 8 1 5 . 5
G . 1 8 4 3 3 1 8 4 6 1 0 . 2  . 1 8 3 2 0 1 9 4 9 0 6 . 4
B L 2 6 4 0 2 5 2 8 - 4 . 2 2 6 5 9 2 8 4 0 6 . 8
U K 1 5 8 9 8 1 5 2 7 5 - 3 . 9 1 6 4 8 3 1 6 9 7 6 3 . 0
E E C 6 6 3 7 3 6 5 5 6 6 - 1 . 2 6 7 1 8 6 7 1 6 2 8 6 . 6
5 . 7 . 1  P r e d i c t i o n s
U s i n g  t h e  d y n a m i c  m o d e l  f o r  t h e  p e r i o d  1 9 6 1 - 7 0  c o n d i t i o n a l  p r e ­
d i c t i o n s  f o r  t h e  n e x t  f o u r  y e a r s  a r e  m a d e .  H e r e ,  n o  s t a t i c  c o u n t e r p a r t  
w a s  c o m p u t e d  b e c a u s e  i t  w o u l d  h a v e  r e q u i r e d  a  s t o c k  o f  c a r s  v a r i a b l e ;  
s o m e t h i n g  t h a t  w a s  c o n s i s t e n t l y  a v o i d e d .  T h u s ,  o u r  p r e d i c t i o n s  c a n n o t  ■ 
b e  c o m p a r e d  w i t h  a n y  s t a t i c  m o d e l .
T h e  p e r c e n t a g e  e r r o r  i n  p r e d i c t i o n s  c l e a r l y  s h o w s  t h a t  t h e  m o d e l  
p r e d i c t s  w e l l  i n  a l l  p e r i o d s  e x c e p t  1 9 7 4 .  A g a i n  f o r  t h e  c r i s i s  y e a r  
t h e  d y n a m i c  m o d e l  i s  u n a b l e  t o  p r e d i c t  t h e  r e d u c t i o n  i n  c o m s u m p t i o n .
T h e  r e a c t i o n  m e c h a n i s m  o f  t h e  m o d e l  c a n n o t  a d e q u a t e l y  c a p t u r e  t h e  b i g  
c h a n g e s  o f  t h e  c r i s i s  y e a r . *
*  A  B a l e s t r a  ( 5 )  t y p e  m o d e l  w a s  a l s o  u s e d  f o r  p r e d i c t i o n s  i n  t h e  s a m e  • 
p e r i o d  b u t  t h e  r e s u l t s  w e r e  e v e n  m o r e  d i s a p p o i n t i n g .
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I f  o u r  p r i m a r y  i n t e n t i o n  h a d  b e e n  t o  s p e c i f y  a  d y n a m i c  m o d e l  f o r  • 
h o u s e h o l d  b e h a v i o u r  w h i c h  w o u l d  b e  c o n s i s t e n t  w i t h  e x i s t i n g  d a t a  
s e r i e s ,  w e  c a n  c l a i m  t o  h a v e  a c h i e v e d  s o m e t h i n g .  H o w e v e r ,  o u r  t a s k  
h a s  b e e n  m o r e  p r a g m a t i c ;  t o  s p e c i f y  a  m o d e l  t h a t  c a n  b e  u s e d  f o r  
f o r e c a s t i n g .
I n  t h e  c r u c i a l  y e a r  1 9 7 4  w h i c h  w a s  a  r e a l  t u r n i n g  p o i n t  f o r  t h e  
w h o l e  e n e r g y  m a r k e t ,  p r e d i c t i o n s  f r o m  t h e  d y n a m i c  m o d e l  t u r n  o u t  t o  b e  
b a d l y  o f f .  A l t h o u g h  t h e  n e g a t i v e  p r i c e  e f f e c t  i s  w e l l  q u a n t i f i e d  i n  
t h e  m o d e l ,  i t  s t i l l  p r e d i c t s  a n  i n c r e a s e  i n s t e a d  o f  a  d e c r e a s e  i n  c o n ­
s u m p t i o n  f o r  1 9 7 4 .  I n  c o n s t r a s t ,  t h e  s i m p l e  s t a t i c  m o d e l  r e p o r t e d  i n  
C h a p t e r  F o u r ,  p r e d i c t s  t o t a l  e n e r g y  c o n s u m p t i o n  f o r  t h e  d o m e s t i c  s e c t o r  
q u i t e  w e l l  i n  t h e  s a m e  p e r i o d .
T h e  m a i n  d i f f e r e n c e s  b e t w e e n  t h e s e  t w o  m o d e l s  a r e ,  t h a t  t h e  d y n a m i c  
o n e  e m b r a c e s  a  m e c h a n i s m  w h i c h  i s  d e t e r m i n e d  b y  e x p e c t e d  p r i c e s  a n d  i n ­
c o m e s ,  w h i l e  t h e  s t a t i c  n e g l e c t s  a n y  s u c h  e x p e c t a t i o n s  a n d  r e f e r s  t o  
t o t a l  e n e r g y  a n d  n o t  t o  o i l  o n l y .  T a k i n g  a l s o  i n t o  c o n s i d e r a t i o n  t h a t  
t h e  d y n a m i c  m o d e l  y e i l d s  r e a s o n a b l e  p r e d i c t i o n s  i n  t h e  p r e  1 9 7 4  p e r i o d ,  
w e  c a n  c o n c l u d e  t h a t ,  i f  t h e r e  h a s  b e e n  a n y  s i g n i f i c a n t  c h a n g e  i n  t h e  
m o d e l  s t r u c t u r e ,  t h i s  m o s t  l i k e l y  i s  d u e  t o  t h e  w a y  e x p e c t a t i o n s  h a v e  
b e e n  f o r m e d  i n  t h e  c r i s i s  p e r i o d .  O n c e  e x p e c t a t i o n s  a b o u t  f u t u r e  p r i c e s  
a n d  i n c o m e s  a r e  d r a s t i c a l l y  c h a n g e d ,  b e c a u s e  o f  o i l  p r i c e  i n c r e a s e s  a n d  
t h e  g e n e r a l  i n f l a t i o n ,  t h e n  a s  a  r e s u l t  t h e  a m o u n t  o f  d e s i r e d  s e r v i c e s  
f r o m  t h e  s t o c k  o f  e n e r g y  u s i n g  a p p l i a n c e s  i s  r a d i c a l l y  a l t e r e d .  W h e n  
a  d y n a m i c  m o d e l  i s  e s t i m a t e d  d u r i n g  a  r e l a t i v e l y  n o r m a l  p e r i o d ,  t h e  
v a r i o u s  l a g g e d  v a r i a b l e s  i n v o l v e d  a r e  " p i c t u r e s "  o f  t h e  p l a n n i n g  h o r i z o n  
a s  e x p e c t e d  i n  t h e  p a s t .  T h i s  m e a n s  t h a t  a s  t h e  p l a n n i n g  h o r i z o n  i n c u r  
f u n d a m e n t a l  c h a n g e s ,  t h e  l a g  s t r u c t u r e  o f  t h e  p a s t  i s  a n  i n a d e q u a t e  d e s ­
c r i p t i o n  o f  w h a t  w i l l  h a p p e n  f r o m  t h e r e  o n .  H e n c e  p r e d i c t i o n s  m a d e  a r e  • 
b o u n d  t o  b e  b a d l y  b i a s e d .
H a d  w e  h a d  m o r e  d a t a  a b o u t  t h e  c r i s i s  p e r i o d s  ( p r e f e r a b l y  o n  a  
q u a r t e r l y  b a s i s ) , e s t i m a t i o n  o f  t h e  m o d e l  i n c l u d i n g  t h i s  p e r i o d  w o u l d  
p r o b a b l y  h a v e  r e s u l t e d  i n  m o r e  r e p r e s e n t a t i v e  p a r a m e t e r  e s t i m a t e s .  T h e n ,  
w e  w o u l d  h a v e  m o r e  c h a n c e  o f  a c c u r a t e l y  p r e d i c t i n g  i n  a  c r i s i s  p e r i o d .
O n e  m i g h t  a l s o  b l a m e  t h e  p a r t i c u l a r  d y n a m i c  s p e c i f i c a t i o n  u s e d .  N e v e r t h e l e s s
5.8 Concluding Remarks
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a s  m a n y  e x p e r i m e n t s  w i t h  o t h e r  d y n a m i c  m o d e l s  a n d  t h e  r e s u l t s  o f  t h e  
n e x t  C h a p t e r  c l e a r l y  r e v e a l  n o  g o o d  p r e d i c t i o n s  c a n  b e  o b t a i n e d  f o r  
t h e  1 9 7 4  c r i s i s  y e a r .
T h e  q u e s t i o n  t h a t  n a t u r a l l y  a r i s e s  i s ,  h a v e  w e  p r o p o s e d  a  d y n a m i c  • 
m o d e l  o f  o n l y  h i s t o r i c a l  i m p o r t a n c e  o r  n o t ?  P r o v i d e d  t h a t  w e  r e q u i r e  
t o  f o r e c a s t  i n  a  r e l a t i v e l y  m o r e  s t a b l e  p e r i o d  t h e  m o d e l  s h o u l d  p e r f o r m  
b e t t e r .  F o r  e x a m p l e ,  t h e  m o d e r a t e  p r i c e  i n c r e a s e s  o f  1 9 7 1  d i d  n o t  
a f f e c t  i t s  p r e d i c t i v e  p o w e r .  A f t e r  a l l ,  i t  i s  u s u a l  t o  a b s t r a c t  f r o m  
p o l i t i c a l  u p h e a v a l s ,  e c o n o m i c  c r i s e s ,  e t c . ,  a n y  e c o n o m i c  a n a l y s i s  d e a l i n g  
w i t h  f o r e c a s t i n g .  B y  t h e  s a m e  t o k e n ,  e c o n o m e t r i c  m o d e l s  a r e  n o t  b u i l t  
t o  h o l d  d u r i n g  c r i s e s  b u t  i n  n o r m a l  o r  r e a l t i v e l y  n o r m a l  p e r i o d s .  I n  
n o r m a l  c a s e s  i t  i s  b e l i e v e d  t h a t  t h e  m o d e l  p r o p o s e d  w o u l d  w o r k  w e l l .  
P e r h a p s  a  d i f f e r e n t  r e a c t i o n  m e c h a n i s m . ,  m o r e  r e l e v a n t  t o  h i g h l y  d i s ­
t u r b e d  p e r i o d s ,  w o u l d  h a v e  w o r k e d  b e t t e r .  B u t  i t  i s  d i f f i c u l t  t o  s e e  
h o w  o n e  c o u l d  c a p t u r e  t h e  e f f e c t  o f  a  m o r e  d r a s t i c  c h a n g e  i n  e x p e c t a t i o n s  
t h a t  h a d  n e v e r  o c c u r r e d  b e f o r e .  U n f o r t u n a t e l y  t o  t h i s  e n d  t h e  e x i s t i n g  
e c o n o m e t r i c  l i t e r a t u r e  h a s  v e r y  l i t t l e  e x t r a  t o  o f f e r .
A n  i m p o r t a n t ,  a l b e i t ,  t e n t a t i v e ,  c o n c l u s i o n  t h a t  f o l l o w s  i s  t h a t ,  
i f  e x p e c t a t i o n s  c a n n o t  a d e q u a t e l y  b e  c a p t u r e d  i n  t h e  c o n t e x t  o f  a  
d y n a m i c  m o d e l ,  a  s t a t i c  o n e  w h i c h  i g n o r e s  t h e m  a l l  t o g e t h e r ,  m a y  o f f e r  
b e t t e r  p r e d i c t i o n s  a t  l e a s t  t o  t h e  l i k e l y  c h a n g e  o f  e v e n t s .
CHAPTER SIX
F o l l o w i n g  a  d y n a m i c  a p p r o a c h ,  a s  i n  t h e  p r e v i o u s  c h a p t e r ,  t h e  
p l a n n i n g  b e h a v i o u r  o f  f i r m s  i s  a n a l y s e d  i n  t h e  c o n t e x t  o f  a  p a r t i a l  
a d j u s t m e n t  m o d e l .  T h e  d y n a m i c  r e a c t i o n  m e c h a n i s m  p o s t u l a t e d  f o r  t h e  
h o u s e h o l d  h a s  n o t  b e e n  a p p l i e d  h e r e  f o r  t w o  r e a s o n s .  F i r s t ,  o u r  
c o n c l u s i o n s  w o u l d  b e  m o r e  r e l i a b l e  i f  b a s e d  o n  a  d i f f e r e n t  d y n a m i c  
f o r m u l a t i o n  t o o .  S e c o n d ,  i n  i t s  s t r i c t  s e n s e ,  t h i s  m o d e l  m a y  n o t  b e  
a p p r o p r i a t e  f o r  t h e  f i r m .
C o n s u m e r s  m a y  h a v e  a  d e s i r e d  d e m a n d  f o r  s e r v i c e s  f r o m  t h e  s t o c k  
o f  e n e r g y  c o n s u m i n g  a p p l i a n c e s  w h i c h  p a r t i a l l y  s a t i s f i e s  t h e i r  u t i l i t y  
f u n c t i o n .  T h e  s a m e  i s  n o t  n e c e s s a r i l y  t r u e  f o r  t h e  f i r m .  F i r m s  a r e  
m o t i v a t e d  b y  s o m e  o b j e c t i v e s  w h i c h  a r e  c u s t o m a r i l y  t a k e n  t o  b e  a n y  o r  
a  c o m b i n a t i o n  o f  p r o f i t ,  g r o w t h ,  s a l e s  e t c .  o r  a  m a n a g e r i a l  u t i l i t y  
f u n c t i o n .  T h u s ,  t h e  p r i m a r y  o b j e c t i v e  i s  s o m e  t a r g e t  o u t p u t  w h i c h  
w o u l d  m a x i m i s e  a  f i r m ' s  p a r t i c u l a r  o b j e c t i v e  ( s u b j e c t  t o  t h e  c o s t  o f  
i n p u t s ) . E n e r g y  d e m a n d  t h e n  m e r e l y  d e r i v e s ,  f r o m  t h e  p r o d u c t i o n  e f f o r t  
t o w a r d s  a t t a i n i n g  t h a t  t a r g e t .
6 . 1  P a r t i a l l y  A d j u s t i n g  D y n a m i c  B e h a v i o u r
T h e  m o d e l  i s  b u i l t  o n  t h e  a s s u m p t i o n  t h a t  w h a t  m a t t e r s  f o r  t h e  
f i r m  i s  t h e  e q u i l i b r i u m  ( o r  d e s i r e d )  d e m a n d  f o r  o i l  r a t h e r  t h a n  a c t u a l  
d e m a n d .  T h i s  s t e m s  i m m e d i a t e l y  f r o m  t h e  f a c t  t h a t  o n c e  a  f i r m  s e t s  a  
t a r g e t  o u t p u t ,  t h e  c a p i t a l  s t o c k  n e e d e d  t o  p r o d u c e  s u c h  o u t p u t  o u g h t  
t o  b e  b u i l t  f i r s t .  T h e r e f o r e ,  t h e  e q u i l i b r i u m  c a p i t a l  s t o c k  i m p l i e s  
a n  e q u i l i b r i u m  e n e r g y  c o n s u m p t i o n .
T h e  f a m i l a r  s t o c k  a d j x i s t m e n t  m e c h a n i s m  i s  a s s u m e d  t o  a p p r o x i m a t e  
t h e  f i r m ' s  p l a n n i n g  b e h a v i o u r .  C o n s e q u e n t l y  t h e  u n o b s e r v a b l e  e q u i l i ­
b r i u m  d e m a n d  i s  s u p p o s e d  t o  b e  a t t a i n e d  b y  a  p r o c e s s  o f  a d j u s t i n g  t h e  
s t o c k s  d u r i n g  p e r i o d  t  b y  a  c o n s t a n t  f r a c t i o n  o f  t h e  d i f f e r e n c e  b e t w e e n  
s t a r t i n g  s t o c k s  a n d  e q u i l i b r i u m  s t o c k s .  I n  s y m b o l s
DYNAMIC BEHAVIOUR OF THE FIRM
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w h e r e  F  =  
F 6  =  
v  =
F i r m ' s  c o n s u m p t i o n  o f  o i l  
E q u i l i b r i u m  c o n s u m p t i o n
A  r a n d o m  d i s t u r b a n c e  s i n c e  w e  a r e  d e a l i n g  
w i t h  t h e  d e p e n d e n t  v a r i a b l e .
I f  y  =  1  t h e n  w e  h a v e  a  c o m p l e t e  a d j u s t m e n t  d u r i n g  a  s i n g l e  t i m e
p e r i o d .  B u t . s i n c e  w e  a s s u m e  t h e  a d j u s t m e n t s  t o  b e  g r a d u a l  0 < y < l .  I t
0
c a n  e a s i l y  b e  u n d e r s t o o d  t h a t  i f  t h e  e q u i l i b r i u m  q u a n t i t y  F fc r e m a i n s  
c o n s t a n t  f o r  s u c c e s s i v e  t i m e  p e r i o d s ,  i t  i s  t h e n  a p p r o a c h e d  a s y m p t o t i c a l l y  
b y  F  a n d  y  m u s t  b e  u n i t y .
T h e  l o g a r i t h m i c  v a r i a n t  o f  t h e  s t o c k  a d j u s t m e n t  m o d e l  i s
ZnF-ZnF. =  y ( £ n F ^ - £ n F .  ) + v .
t  t - 1  t  t - 1  t
(6 .1 .2 )
w h i c h  i s  e q u i v a l e n t  t o
f Fe
t - 1
F
t - 1
T h e  c o m p l e t e  o i l  d e m a n d  m o d e l  f o r  t h e  i n d u s t r i a l  s e c t o r  b e ­
c o m e s
w h e r e
F = c I  T
t  o  t  t  t
t - 1
_ e
t - 1
y
F  =  G a s  o i l  a n d  f u e l  o i l  c o n s u m p t i o n  f o r  
b u r n i n g  i n  1 0 3 m e t r i c  t o n s  
I  =  V a l u e  o u t p u t  o f  i n d u s t r i a l  p r o d u c t i o n  
i n  1 0  U S $  i n  1 9 6 3  p r i c e s  
P  ss T h e  p r i c e  o f  o i l  r e l a t i v e  t o  t h e  p r i c e  
o f  c o a l  i n  i n d u s t r y  i n  1 9 6 3  U S $  ( a g a i n  
w e  m e a s u r e  q u a n t i t i e s  p e r  e q u i v a l e n t  
c a l o r i f i c  v a l u e s )
■ T  =  T e m p e r a t u r e
( 6 . 1 . 3 )
( 6 . 1 . 4 )
A l t h o u g h  i n  a  t i m e  s e r i e s  a n a l y s i s  o n e  w o u l d  u s e  t h e  i n d e x  o f  
i n d u s t r i a l  p r o d u c t i o n ,  h e r e  w e  n e e d  t o  u s e  t h e  v a l u e  o f  o u t p u t .  . T h i s  
i s  b e c a u s e ,  i n  p o o l i n g ,  t h e  d i f f e r e n c e s  b e t w e e n  r e g i o n s  a r e  o f  p r i m a r y  
i m p o r t a n c e .  I f  w e  h a d  u s e d  a n  i n d e x  i n s t e a d  o f  a  m o n e t a r y  v a r i a b l e , ,  
f o r  t h e  b a s e  y e a r  1 9 6 3  t h e  v a r i a t i o n  a c r o s s  c o u n t i r e s  w o u l d  h a v e  b e e n
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n i l .  T h u s ,  w e  w o u l d  h a v e  w i p e d  o u t  t h e  a d v a n t a g e  w e  a r e  t r y i n g  t o  
g e t  f r o m  u s i n g  s u c h  t e c h n i q u e .
T h e  p r i c e  v a r i a b l e  a p p e a r s  a g a i n  i n  a  r a t i o  f o r m  a n d  t h e  t r e n d  
o f  t h e  p r i c e  o f  c o a l  i s  a s s u m e d  t o  r e p r e s e n t  t h e  c o l l e c t i v e  i n f l u e n c e  
o f  t h e  c o m p e t i n g  f u e l s .  T e m p e r a t u r e ,  a s  u s u a l ,  i s  a s s u m e d  t o  a f f e c t  
t h e  i n d u s t r i a l  d e m a n d  f o r  s p a c e  h e a t i n g .
T h e  r e d u c e d  f o r m  o f  t h e  s t r u c t u r a l  m o d e l  ( 6 . 1 . 3 )  a n d  ( 6 . 1 . 4 )  i s
o b t a i n e d  b y  f i r s t  l i n e a r i s i n g  i t  t h r o u g h  a  d o u b l e  l o g a r i t h m i c  t r a n s -
0
f o r m a t i o n ,  s u b s t i t u t i n g  f o r  f r o m  ( 6 . 1 . 4 )  i n t o  ( 6 . 1 . 3 )  a n d  r e a r r a n g i n g  
t h e  t e r m s
£ n F ^  =  £ n c  y + c _  y £ n l  + c 0 y £ n P  ^ C - y A n T ^  
t  o ±  t  z  t j  t
+  ( 1 - y ) & n F  _ + w  ( 6 . 1 . 5 )
t - l  t
w h e r e  w ,  =  yu + v .
t  t  t
T h e  p a r a m e t e r s  o f  e q u a t i o n  ( 6 . 1 . 5 )  a r e  s h o r t  r u n  e l a s t i c i t i e s  
w h i l e  t h e  l o n g  r u n  o n e s  c a n  b e  c a l c u l a t e d  a s
c l y  c 2 y
   f o r  I ,  - ------ f o r  P
1 - y  1 - y
I t  m u s t  a l s o  b e  n o t e d  t h a t  i n  t h e  r e d u c e d  f o r m  m o d e l  t h e  e r r o r  t e r m  
i s  f r e e  f r o m  a u t o c o r r e l a t i o n  b y  s p e c i f i c a t i o n .  T h i s  i s  o n e  o f  t h e  
a d v a n t a g e s  o f  t h e  p a r t i a l  a d j u s t m e n t s  h y p o t h e s i s .
6 . 2  E s t i m a t i o n
A  s i m p l e  s t a t i c  m o d e l  f o r  t h e  E E C  c o u n t r i e s  a n d  t h e  e n t i r e  p e r i o d  
1 9 5 6 - 7 0  g a v e  t h e  f o l l o w i n g  r e s u l t s
£ n F  =  1 . 4 6 9 4 £ n l  -  0 . 8 3 2 6 £ n P  +  0 . 0 0 7 5 £ n T  
( 1 3 . 6 )  ( 5 . 6 5 )  ( 0 . 0 2 )
R 2  =  0 . 9 4 1 9
T h e  o u t p u t  a n d  p r i c e  e l a s t i c i t i e s  a s s u m e  t h e  r i g h t  s i g n  a n d  p l a u s ­
i b l e  s i z e  b u t  t h e  t e m p e r a t u r e  e l a s t i c i t y  i s  t o t a l l y  w r o n g .  T h i s  i s  a n  
i n d i c a t i o n  t h a t  t h e  r e l a t i o n s h i p  f i t t e d  m i g h t  n o t  b e  t h e  a p p r o p r i a t e  
o n e .
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InF =  0 . 0 4 5 0 £ n l  -  0 . 1 6 8 3 & n P  -  0 . 5 2 7 3 £ n T
( 0 . 6 8 )  t  ( 2 . 9 3 )  ( 4 . 7 4 )  b
+  0 . 8 7 1 7 J l n F  
R 2  «  0 . 9 9 3 0
W e  s e e  n o w  a  d r a m a t i c  c h a n g e  i n  t h e  t e m p e r a t u r e  e l a s t i c i t y  s u g g e s t i n g  
t h e  a s s u m p t i o n  t h a t  t h e  r e l a t i o n s h i p  i s  i n t r i n s i c a l l y  d y n a m i c .  A l t h o u g h  
p r i c e  a n d  t e m p e r a t u r e  p a s s  t h e  e c o n o m i c  a n d  s t a t i s t i c a l  c r i t e r i a ,  i n c o m e  
e l a s t i c i t y  i s  t o o  l o w  a n d  i n s i g n i f i c a n t .  T h i s  i s  s o m e t h i n g  t h a t  c a n  b e  
b e s t  i n v e s t i g a t e d  i f  t h e  w h o l e  p e r i o d  i s  d i v i d e d  t o  s m a l l e r  s u b p e r i o d s .  
H e n c e
1 9 5 6 - 6 5
S t a t i c  £ n F  =  2 . 0 2 5 7 £ n l  -  0 . 4 3 7 3 & n P  -  0 . 1 3 7 4 £ n T .
M o d e l  ' ( 1 2 . 9 )  ( 2 . 9 6 )  ( 0 . 4 8 )
R 2  =  0 . 9 5 5 1  ‘
...   J
D y n a m i c  f t n F  =  0 . 2 0 7 7 & n l  -  0 . 1 5 3 7 £ n P  -  0 . 3 5 7 6 £ n T
M o d e l  Z ( 1 . 5 8 )  ( 2 . 3 2 )  ( 2 . 8 6 )
+  0 . 8 3 1 2 £ n F
( 1 6 . 2 )
R 2  =  0 . 9 9 1 7
T h e  d y n a m i c  m o d e l  i n  t h i s  p e r i o d  a p p e a r s  t o  c a p t u r e  t h e  t e m p e r a t u r e  
e f f e c t  b e t t e r  w h i l e  a l l  e l a s t i c i t i e s  a r e  e c o n o m i c a l l y  i n t e r p r e t a b l e .  T h e  
i m p l i c i t  l o n g  r u n  e l a s t i c i t i e s  f o r  o u t p u t  a n d  p r i c e  a r e  1 . 2 3 0 5  a n d  - 0 . 9 1 0 4  
r e s p e c t i v e l y .  I f  w e  a s s u m e  t h a t  o i l  c o n s u m p t i o n  p e r  u n i t  o f  c a p i t a l  s t o c k  
r e m a i n e d  a p p r o x i m a t e l y  t h e  s a m e  d u r i n g  t h i s  p e r i o d ,  t h e n  t h e  e l a s t i c i t y  
o f  t h e  l a g g e d  d e p e n d e n t  v a r i a b l e  i m p l i e s  a  1 7 %  a d j u s t m e n t  o f  t h e  c a p i t a l  
s t o c k  p e r  y e a r .  W e  s e e  t h e n  t h a t  a l t h o u g h  i n  t h e  e n t i r e  p e r i o d  t h e  
d y n a m i c  m o d e l  i s  d e f e c t i v e  i n  t h e  o u t p u t  e f f e c t ,  f o r  t h e  b e g i n n i n g  o f  
t h e  p e r i o d  i t  w o r k s  w e l l .
Application of the dynamic model to the same time period yields
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S t a t i c  £ n F  =  1 . 0 6 7 0 t o  -  0 . 6 8 8 5 £ n P  -  0 . 3 7 3 7 t o
M o d e l  ( 7 . 9 1 )  t  ( 3 . 8 7 )  ( 1 . 2 3 )
R 2  =  0 . 9 6 6 3
D y n a m i c  J L n F  =  - 0 . 0 0 3 2 t o  -  0 . 0 6 8 6 £ n P  -  0 . 6 3 3 8 t o
M o d e l  ( 0 . 0 3 )  ( 0 . 7 8 )  ( 4 . 7 0 )
+  0 . 8 8 6 9  n F . , 
t — 1
R 2  =  0 . 9 9 3 5
F o r  t h e  f i r s t  t i m e ,  i n  t h e  e m p i r i c a l  i n v e s t i g a t i o n  c a r r i e d  o u t  
i n  P a r t  I I ,  a  s t a t i c  m o d e l  y i e l d s  p l a u s i b l e  r e s u l t s  a c c o r d i n g  t o  
e c o n o m i c  a  p r i o r i  c r i t e r i a .  O n  t h e  o t h e r  h a n d ,  t h e  d y n a m i c  m o d e l  
b r e a k s  d o w n  c o m p l e t e l y .  O u t p u t  e l a s t i c i t y  i s  n e g a t i v e  a n d  a p p r o a c h e s  
z e r o ,  w h i l e  p r i c e  e l a s t i c i t y  i s  v e r y  s m a l l  a n d  s t a t i s t i c a l l y  i n s i g n i -  . 
f i c a n t .  I t  h a s  b e e n  n e c e s s a r y  a t  t h i s  p o i n t  t o  m a k e  a  m o r e  t h o r o u g h  
" s e a r c h "  i n  o r d e r  t o  l o c a t e  i n  w h i c h  y e a r  r o u g h l y  t h e  d y n a m i c  b e h a v i o u r  
b r e a k s  d o w n .  T h e r e f o r e  s t a r t i n g  f r o m  t h e  " g o o d "  p e r i o d  1 9 5 6 - 6 5  a n d  
k e e p i n g  t h e  t e n  y e a r  i n t e r v a l  c o n s t a n t  w e  h a v e  c o m p u t e d  t h e  f o l l o w i n g  
r e g r e s s i o n s
D y n a m i c  M o d e l
1961-70
P e r i o d J t n T fc U n P ^  
t  •
& n T .
t * n P t - i
R 2
1 9 5 6 - 6 5 0 . 2 0 7 7
( 1 . 5 8 )
- 0 . 1 5 3 7
( 2 . 3 2 )
- 0 . 3 5 7 6
( 2 . 8 6 )
0 . 8 3 1 2
( 1 6 . 2 )
0 . 9 9 1 7
1 9 5 7 - 6 6 0 . 1 9 6 7
( 1 . 3 8 )
- 0 . 1 4 7 4
( 1 . 8 8 )
- 0 . 3 8 1 9
( 2 . 5 1 )
0 . 8 3 0 2
( 1 5 . 5 )
0 . 9 9 1 9
1 9 5 8 - 6 7 0 . 0 7 4 5
( 0 . 5 3 )
- 0 . 0 5 6 4  
( 0 . 6 6 )
- 0 . 4 4 7 0
( 3 . 1 8 )
0 . 8 4 7 6
( 1 6 . 8 )
0 . 9 9 3 4
1 9 5 9 - 6 8 - 0 . 0 1 8 8
( 0 . 1 6 )
- 0 . 1 0 0 1
( 1 . 1 9 )
- 0 . 4 9 6 8
( 3 . 8 7 )
0 . 8 4 8 8
( 1 7 . 2 )
0 . 9 9 3 5
1 9 6 0 - 6 9 - 0 . 0 3 8 0
( 0 . 3 9 )
- 0 . 1 1 6 2
( 1 . 4 8 )
- 0 . 4 5 2 6
( 3 . 3 3 )
0 . 8 3 5 2
( 1 8 . 3 )
0 . 9 9 4 1
1 9 6 1 - 7 0 - 0 . 0 0 3 2
( 0 . 0 3 )
- 0 . 0 6 8 6
( 0 . 7 8 )
- 0 . 6 3 3 8
( 4 . 7 0 )
0 . 8 8 6 9
( 1 5 . 7 )
0 . 9 9 3 5
1 '
I n  b o t h  1 9 5 6 - 6 5  a n d  1 9 5 7 - 6 6  p e r i o d s  a l l  e l a s t i c i t i e s  a s s u m e  
p l a u s i b l e  m a g n i t u d e s .  A s  t h e  1 9 6 7  y e a r  e n t e r s  t h e  r e l a t i o n s h i p
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t h e  m o d e l  d e t e r i o r a t e s .  E x c e p t  f o r  t e m p e r a t u r e  ( w h i c h  i n  a n y  c a s e  
i s  t o t a l l y  e x o g e n o u s )  t h e  t w o  b e h a v i o u r a l  v a r i a b l e s ,  o u t p u t  a n d  p r i c e ,  
p r o d u c e  n o n - s e n s i c a l  r e s u l t s .  I n  t h e  l a s t  t h r e e  p e r i o d s  t h e  o u t p u t  
e l a s t i c i t y  b e c o m e s  n e g a t i v e  a n d  s m a l l e r  a s  t h e  m o r e  r e c e n t  y e a r s  a r e  
i n c l u d e d  i n  t h e  m o d e l .  P r i c e  e l a s t i c i t y  i s  t o o  s m a l l  a n d  i t s  s t a n d a r d  
e r r o r  t o o  b i g ,  w h i l e  t e m p e r a t u r e  e l a s t i c i t y  i n e v i t a b l y  a b s o r b s  s o m e  
o f  t h e  v a r i a t i o n  t h a t  t h e  t w o  o t h e r  o m i t .
T h e r e  a r e  s t r o n g  i n d i c a t i o n s  t h a t  t h e  1 9 6 7  A r a b  I s r a e l i  w a r ,  
c l o s u r e  o f  S u e z  a n d  t h e  s u b s e q u e n t  o i l  c r i s i s ,  s e r i o u s l y  a f f e c t e d  
d y n a m i c  b e h a v i o u r  i n  t h e  i n d u s t r i a l  s e c t o r .  S o m e  e f f o r t s  t o  r e m e d y  
t h e  d y n a m i c  m o d e l  a r e  r e p o r t e d  b e l o w .
1 9 6 0 - 7 0  
e x c l u d i n g  1 9 6 7
£ n F  =  0 . 0 0 0 4 £ n l  -  0 . 1 6 4 1 £ n P  -  0 . 5 8 0 6 £ n T  
( 0 . 0 0 5  ( 2 . 0 4 )  ( 4 . 0 1 )
+  0 . 8 4 4 6 & n F .  , .
( 1 7 . 1 )  t _ 1
R 2  =  0 . 9 9 3 2  .
P e r i o d £ n l t f t n P , 
t
£ n T
t
£ n F t _ i D u m m y  f o r R 2
1 9 6 1 - 7 0 - 0 . 0 1 7 0
( 0 . 1 9 )
- 0 . 0 4 9 4
( 0 . 5 5 )
- 0 . 5 8 4 2
( 4 . 0 8 )
P . 9 0 4 6  
( 1 5 . 4 )
1 9 6 7 0 . 9 9 3 6
1 9 6 1 - 7 0 - 0 . 0 1 4 3
( 0 . 1 6 )
- 0 . 0 3 9 6
( 0 . 4 2 )
- 0 . 5 7 5 2
( 3 . 9 4 )
0 . 9 0 9 5
( 1 5 . 0 )
1 9 6 7 , 1 9 6 8 0 . 9 9 3 7
1 9 6 1 - 7 0 0 . 0 0 9 3
( 0 . 0 9 )
- 0 . 0 3 9 6
( 0 . 4 2 )
- 0 . 5 6 4 0
( 3 . 8 2 )
0 . 9 0 8 6
( 1 4 . 9 )
1 9 6 7 , 1 9 6 8 , 1 9 6 9 0 . 9 9 3 7
1 9 6 1 - 7 0 - 0 . 2 1 1 6
( 1 . 5 8 )
- 0 . 1 2 2 6
( 1 . 2 6 )
- 0 . 5 7 9 7
( 4 . 0 8 )
0 . 8 9 2 4
( 1 5 . 1 )
1 9 6 7 , 1 9 6 8 , 1 9 6 9 , 1 9 7 0 0 . 9 9 4 3
N o  m a t t e r  w h e t h e r  t h e  1 9 6 7  y e a r  w a s  e x c l u d e d  o r  y e a r  d u m m i e s  
w e r e  u s e d ,  t h e r e  w a s  n o  w a y  o f  m a k i n g  t h e  d y n a m i c  m o d e l  t o  y i e l d  
a h y  r e s u l t s  w h i c h  s e e m e d  t o  m a k e  a n y  e c o n o m i c  s e n s e .  B e f o r e  d r a w i n g  
o u r  f i n a l  c o n c l u s i o n s  o n  t h e  i n d u s t r i a l  s e c t o r  a  " s e a r c h "  v i a  t h e  
s t a t i c  m o d a l  o u g h t  t o  b e  c o n s i d e r e d .
I f  t h e r e  i s  a n  e c o n o m i c  u n i t  w h i c h  r e l i e s  p r e d o m i n a n t l y  o n  p l a n ­
n i n g  t h i s  i s  t h e  f i r m .  I t  i s  t h e r e  t h a t  e x p e c t a t i o n s  a b o u t  f u t u r e  
s a l e s ,  c o s t s  e t c .  s h o u l d  p l a y  t h e  m o s t  i m p o r t a n t  r o l e .  T h e  c o n c l u s i o n s
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P e r i o d £ n l
S t a t i c  M o d e l  
£ n P J l n T r 2
1 9 5 6 - 6 5 2 . 0 2 5 7 - 0 . 4 3 7 4 - 0 . 1 3 7 4 0 . 9 5 5 1
( 1 2 . 9 ) ( 2 . 9 6 ) ( 0 . 4 8 )
1 9 5 7 - 6 6 2 . 0 1 8 7 - 0 . 2 7 9 6 - 0 . 4 0 5 5 0 . 9 5 9 2
( 1 1 . 3 ) ( 1 . 6 1 ) ( 1 . 1 9 )
1 9 5 8 - 6 7 2 . 0 3 3 9 0 . 0 1 5 8 - 0 . 4 5 1 7 0 . 9 6 1 6
( 1 1 . 0 ) ( 0 . 0 8 ) ( 1 . 3 4 )
1 9 5 9 - 6 8 1 . 7 2 6 4 - 0 . 1 8 4 8 - 0 . 6 3 1 2 0 . 9 6 1 2
( 1 1 . 2 ) ( 0 . 9 1 ) ( 2 . 0 3 )
1 9 6 0 - 6 9 1 . 3 6 6 7 - 0 . 3 6 0 8 - 0 . 6 1 5 5 0 . 9 6 0 6
( 8 . 9 2 ) ( 1 . 8 2 ) ( 1 . 7 7 )
1 9 6 1 - 7 0 1 . 0 6 7 0 - 0 . 6 8 8 5 ) - 0 . 3 7 3 7 0 . 9 6 6 3
( 7 . 9 1 ) ( 3 . 8 7 ) ( 1 . 2 3 )
i n f e r r e d  i n  t h e  p r e v i o u s  c h a p t e r  a r e  c o n f i r m e d  a n d  a c c e n t u a t e d  b y  t h e  
a n a l y s i s  c a r r i e d  o n  i n  t h i s  c h a p t e r  a l t h o u g h  e x p e c t a t i o n s  s e e m  t o  h a v e  
a l t e r e d  e a r l i e r  i n  t h e  i n d u s t r i a l  s e c t o r  t h a n  i n  t h e  d o m e s t i c .  T h e  
d y n a m i c  m o d e l  w o r k s  w e l l  a n d  d e s c r i b e s  b e h a v i o u r  a t  t h e  f i r m  l e v e l  
b e t t e r  t h a n  t h e  s t a t i c  o n e  o n l y  i n  t h e  e a r l y  p a r t  o f  o u r  p e r i o d ,  w h e n  
e x p e c t a t i o n s  w e r e  b e i n g  f o r m e d  f r o m  a  f a i r l y  s e t t l e d  p o i n t .  O n c e  e x ­
p e c t a t i o n s  b e c o m e  u n s t a b l e ,  a d j u s t m e n t  p a t t e r n s  g a i n e d  i n  t h e  p a s t  d o  
n o t  r e p e a t  t h e m s e l v e s  a n d  t h e  d y n a m i c  e l e m e n t  b u i l t  i n t o  t h e  m o d e l  
w o r k s  a g a i n s t  u s .  A g a i n  s i m p l e  d e v i c e s  l i k e  d u m m i e s ,  o r  t h e  e x c l u s i o n  
o f  b o t h e r s o m e  o b s e r v a t i o n s  d o  n o t  h e l p  m u c h .
T h e  s a m e  s t o r y ,  i n  a  d i f f e r e n t  w a y ,  i s  d i s c l o s e d  b y  t h e  s t a t i c  
m o d e l  i f  v i e w e d  o v e r  t i m e .  I n  t h e  b e g i n n i n g  o f  t h e  p e r i o d  5 6 - 6 5 ,
5 7 - 6 6 ,  t h e  m o d e l  i s  a p p a r e n t l y  m i s - s p e c i f i e d  b e c a u s e  n o  e x p e c t a t i o n s  
v a r i a b l e s  i s  i n c l u d e d .  H e n c e  s a m e  o f  i t s  d e m a n d  v a r i a t i o n  s e e m s  t o  
b e  s p u r i o u s l y  p i c k e d  u p  b y  t h e  o u t p u t  v a r i a b l e  w h i c h  a p p e a r s  w i t h  a  
r e l a t i v e l y  l a r g e  e l a s t i c i t y .  I n  t h e  k e y  y e a r  1 9 6 7  t h e  p r i c e  e l a s t i c i t y  • 
r e f l e c t s  a l l  t h e  " t r o u b l e s 11 i n  t h e  o i l  m a r k e t  b y  t u r n i n g  p o s i t i v e .  I n  
t h e  f o l l o w i n g  p e r i o d s  a n d  a s  p r i c e  p i c k s  u p  a  m o r e  s i g n i f i c a n t  e l a s t i ­
c i t y ,  t h e  e l a s t i c i t y  o f  o u t p u t  i s  r e d u c e d  i n  s i z e .  B e s i d e s  a n y  e f f i ­
c i e n c y  g a i n s ,  c o n s e r v a t i o n  e f f o r t s ,  t e c h n o l o g i c a l  p r o g e s s  e t c .  s o m e  
o f  t h i s  e f f e c t  m u s t  b e  a t t r i b u t e d  t o  e x p e c t a t i o n s .  A t  l e a s t  t w o  i n ­
t e r p r e t a t i o n s  c a n  b e  g i v e n .  I f  e x p e c t a t i o n s  a t  t h e  f i r m  l e v e l  a r e  
d i s t u r b e d ,  t h e n  t h e  p l a n n i n g  h o r i z o n  o f  e a c h  o n e  m i g h t  a s s u m e  a
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S T A T I C  MODFL 1 9 6 1 - 7 0  I N D U S T R I A L  S E C T O R
% %
TABLE XXII_________
A C T U A L P R E D I C T E D ERROR ACT UAL . P R E D I C T E D ERROR
1 9 7 1 1 9 7 1 1 9  7 3 1 9 7 3
I 1 7 0 7 9 1 8 6 8 7 9 . 4 T 2 1 9 0 3 2 1 1 6 1 - 3 . 4
N 2 6 2 3 5 6 1 9 1 1 4 . 2 N 2 4 2 5 8 0 4 0 2 3 1  . 5
F 2 3 4 9 9 2 0 1 9 6 - 1 4 . 1 F 2 3 7 3 6 2 9 0 7 4 2 2 . 5
D 2 7 3 1 2 4 2 1 - 1 1 . 4 D 2 5 2 9 2 7 4 2 8 . 4
G 2 4 4 1  0 2 1 9 8 6 - 9 . 9 Ci 2 8 1 0 4 3 1 1 1 7 1 0 . 7
BL 5 5 3 8 4 8 2 9 - 1 2 . 8 BL 5 6 1 6 6 5 1 7 1 6 . 0 .
UK 2 5 7 2 0 1 7 2 7 1 - 3 2 . 8 UK 2 5 9 2 8 2 2 5 8 7 - 1 2 . 9
EEC. 1 0 1 6 0 0 9 1  0 0 9 - 1 0 . 4 EEC 1 1 0 2 4 1 1 2 1 2 3 8 1 0 . 0
1 9 7 2 1 9 7 ? 1 9 7 4 1 9 7 4
I 2 0 9 6 0 2 1 0 5 4 0 . 4 I 2 3 2 2 8 1 7 5 1 1 - 2 4 . 6
N 2 7 2 0 7 8  4 8 1 8 8 . 5 N 2 1 3 5 6 8 3 2 2 2 0 . 0
F 2 2 6 1 0 2 7 0 1 3 1 9 . 4 F 2 3 1  8 1 2 9 0 1 8 2 5 . 2
D 3 1 3 3 2 6 8 4 - 1 4 . 3 D 1 8 1 6 2 3 4 8 2 9 . 3
G 2 6 4 8 1 2 9 2 0 8 1 0 . 3 G 2 6 3 0 1 2 1 6 3 0 - 1 7 . 8
BL 5 5 4 0 7 2 3 4 3 0 . 6 BL 4 9 3 0 5 2 1 5 5 . 8
UK 2 6 0 2 7 . 1 9 6 2 ? - 2 4 . 6 UK 2 2 6 0 5 1 5 1 8 2 - 3 2 . 8
EEC 1 0 7 4 7 1 1 1 4 6 6 3 6 . 7 EEC 1 0 4 1 9 6 9 7 7 3 6 - 6 . 2
d i f f e r e n t  l e n g t h .  T h i s  m e a n s  t h a t  i n  t h e  a g g r e g a t e ,  c a n c e l l i n g  o u t  
m i g h t  p r e d u c e  n o  s i g n i f i c a n t  e x p e c t a t i o n s  e f f e c t .  I n  s u c h  a  s i t u a ­
t i o n  t h e  v a r i a t i o n  d u e  t o  e x p e c t a t i o n s  i s  d r a s t i c a l l y  r e d u c e d  a n d  
t h e  p o r t i o n  o f  i t  p i c k e d  u p  b y  a n y  v a r i a b l e s  l i k e  o u t p u t ,  v a n i s h e s ,  
l e a v i n g  a  s m a l l e r  e l a s t i c i t y .  A n o t h e r  -  p e r h a p s  p l a u s i b l e  -  i n t e r ­
p r e t a t i o n  i s ,  t h a t  a l l  f i r m s  u n i f o r m l y  - r e d u c e  t h e i r  p l a n n i n g  h o r i z o n s  
a n d  l o n g  r u n  a d j u s t m e n t  b e c o m e  y e a r  t o  y e a r  a d j u s t m e n t s .  T h u s ,  e x ­
p e c t a t i o n  f o r m a t i o n  ( a n  i n h e r e n t l y  d y n a m i c  f a c t o r )  r e l a t e  o n l y  t o  t h e  
v e r y  s h o r t  r u n .  T h i s  i s  a  v e r y  g o o d  r e a s o n  f o r  t h e  s t a t i c  m o d e l  a p p a ­
r e n t l y  t o  s t a r t  w o r k i n g  a g a i n .
6 . 2 . 1  P r e d i c t i o n s
S i n c e  n o  d y n a m i c  m o d e l  i s  p l a u s i b l e  f o r  p r e d i c t i o n s  i m m e d i a t e l y  
p r i o r  t o  t h e  c r i s i s  p e r i o d  1 9 7 1 - 7 4 ,  a l l  p r e d i c t i o n s  m a d e  a r e  f r o m  t h e
1 9 6 1 - 7 0  s t a t i c  m o d e l .
A l t h o u g h ,  i n a d e q u a t e  t h e  s t a t i c  m o d e l  p r e d i c t s  b e t t e r  t h a n  t h e  
s t a t i c  m o d e l  u s e d  f o r  t h e  p r e d i c t i o n s  i n  t h e  d o m e s t i c  s e c t o r .  W h a t
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i s  m o r e  p r o m i s i n g  i s  t h a t  i t  c a p t u r e s  t h e  d e c r e a s e  o f  c o n s u m p t i o n  
f r o m  1 9 7 3  t o  1 9 7 4 .  I n  s o m e  i n d i v i d u a l  c o u n t r i e s ,  n o t a b l y  N e t h e r l a n d s ,  
p r e d i c t i o n s  a r e  b a d l y  o f f .  I t  m u s t  b e  r e m e m b e r e d  h o w e v e r  t h a t  t h e  
s p e c i f i c a t i o n  o f  t h e  m o d e l  i s  d e s i g n e d  t o  p r e d i c t  t h e  a v e r a g e  v a l u e  
o f  E E C  a n d  n o t  s o  m u c h  i n d i v i d u a l  c o u n t r i e s .  T h e r e f o r e  w e  w o u l d  e x ­
p e c t  i n  s o m e  c o u n t r i e s  o v e r  p r e d i c t i o n ,  a n d  i n  o t h e r  u n d e r  p r e d i c t i o n ,  
b u t  o n  t h e  a v e r a g e  c a n c e l l i n g  o u t  s h o u l d  p r o d u c e  t h e  s m a l l e s t  p o s s i b l e  
e r r o r  f o r  E E C .
I n  g e n e r a l ,  t h e  a n a l y s i s  i n  P a r t  I I  s h o w e d  t h a t  e x p e c t a t i o n s  o n  
t h e  d e m a n d  s i d e  o f  o i l  a r e  v e r y  i m p o r t a n t . *  I f  t h e y  a r e  f o r m e d  u n d e r  
r e l a t i v e l y  n o r m a l  c o n d i t i o n s  t h e n  t h e y  h e l p  t o  s p e c i f y  a  b e t t e r  e c o n o ­
m e t r i c  m o d e l .  I f  h o w e v e r ,  t h e y  i n c u r  a b r u p t  c h a n g e s  t h e n  i n  s o m e  c a s e s  
i t  i s  e v e n  b e t t e r  t o  r e s o r t  t o  t h e  s i m p l e  u n s o p h i s t i c a t e d  s t a t i c  m o d e l s .
*  A s  t h e y  a r e  i n  t h e  s u p p l y  s i d e . ' F o r  a  m e t h o d o l o g y  e x p l a i n i n g  h o w  
e x p e c t a t i o n s  c a n  a f f e c t  t h e  s u p p l y  o f  o i l  s e e  R o b i n s o n  ( 7 8 ) .
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The turning point in this study took place when the analysis was 
switched from time series to pooling of cross-sections and time series 
data. The inadequacies in econometric applications which arise when 
data laid out on a historical basis are used, have been stressed on 
various occasions and are very well known to all those who practice 
econometrics. Nevertheless, relatively speaking these series are still 
the best source of information we have at our disposal at present. This 
study was designed on the assumption that most of the usual econometric 
"snags" associated with exclusively using time series can be minimised 
if observations from a number of regions are pooled and estimates are 
derived from a single sample. In this way our basis of reference is 
broadened and the results obtained are much more reliable.
A static approach was followed when all fuels were expressed in 
aggregate. The elasticities obtained were interpreted to refer to a 
period longer than the short run because they were derived partially 
from cross-section data. Since- fuel consumption is intimately related 
to the stock of energy consuming appliances a way had to be devised to 
minimise changes in this not easily quantifiable factor. The solution 
was found in simply estimating the model on smaller time periods. Then 
a number of structural shifts, which are always at work, can also be 
considered to be approximately constant and hence not affecting the esti­
mated elasticities. Therefore, the most pertinent elasticities to quote 
are likely to be those obtained from the most recent period.
Thus, when the static model was applied to the 1965-70 period the 
elasticities obtained were;
Energy Demand Elasticities
CONCLUSIONS
Income
Elasticities
Price
Elasticites
Temperature
Elasticities
Total Economy 1.28 -0.31 -0.22
Domestic Sector 1.29 -0.49 -0.11
Industrial Sector 0.97 -0.31 -0.20
The more desirable dynamic approach was applied only to one of the 
fuels, oil. However, the models used can, mutatis mutandis, be applied
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to any other fuel. In the framework of the dynamic analysis the bother­
some stock variable was more directly treated, while expectations were 
also "implanted" into the model. Both these effects were represented' 
by the specific lag structure assumed.
It was speculated that the long run elasticities derived may be 
suspect, because the effect of competing fuels was approximated by only 
using the price of coal. Besides, due to the instability in the energy 
market long run elasticities are more likely not to hold. Thus, from 
the dynamic models we quote the short run elasticities only.
Oil Demand Elasticities
1956-65 . 1961-70
Income
Elast.
Price
Elast.
Temper.
Elast.
Income
Elast.
Price
Elast.
Temper.
Elast.
Domestic
Sector 0.59 -0.40 -0.65 0.64 -0.14 -0.36
Tran sportation 
Sector 0.39 -0.39 - 0.24 -0.16 -
Industrial
Sector 0.83 -0.15 -0.36 model not valid
On the empirical level it was found that a dynamic specification 
fits the data well while the size and significance of the computed 
elasticities are more plausible than the ones estimated for oil by a 
static model. This confirms a priori theoretical reasoning where we 
expect the dynamic approach to be more adequate than the static one.
It was also found that the'industrial sector is more voletile than the 
rest and easily susceptible to changes in expectations. Model building 
in this area then would need more careful specification.
An .attempt was also made to draw additional conclusions by exposing 
the estimated models to predictions in the crisis period 1971-74. Had 
we confined ourselves to forecasting only the following year (1971), we 
would have claimed "victory" for almost all our models because predic­
tions for that year were mostly very good. Except for the static energy 
demand model which was applied to the total economy, no other model pre­
dicts well for the entire crisis period. Total energy analysed in the 
context of the domestic and the industrial sector produced slightly worse
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predictions, but it predicted the direction in the turning point of 
1973/74.
Predictions made from the dynamic models were (apart from 1971) 
disappointing and revealed that expectations were not properly captured 
by our specification. If we had included more of the crisis years in 
the model, say 1972 and 1973, perhaps our parameter estimates would be 
more representative and predictions for 1974 could have been better.* 
Our intention, however, was to estimate a model during a relatively 
normal period and try it on a disturbed one, because as usually happens 
in practice we never know when a crisis will begin nor when it will end.
* It ought to be taken into consideration, however, that we might be 
asking too much from our models. Clearly 1974 was a very difficult 
year for prediction because oil supplies were restricted by OPEC. 
Therefore income and price effects estimated from only a demand 
equation might not be able to capture the supply restriction effect.
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The Adams and Miovic method constitutes a two stage estimation 
procedure. In the first stage we estimate the parameters a_^  of the 
following equation:
0 = a C  + a E  + a P + a, G + u (1) .1 2 . 3 4 .
where 0 = output, C = coal, E = electricity,
P = petroleum, G = gas, u = error term.
All independent variables are expressed in coal equivalents. The 
estimated parameters a^ are assumed to consist of two components. One 
is the efficiency factor of the particular fuel and the other is a 
constant term k attributed, presumably, to the incomplete specification 
of the model. Thus, efficiency factors for each fuel relative to coal 
(ReJ can be obtained by a simple division,
ke. e . a .„  1 1 1re. Re. = :---  = —  -- —1 kej ej aj
The term k is assumed to be constant in all parameters and hence cancels 
out.
In the second stage the calorific imput of each fuel is multiplied 
by its relative efficiency factor Re^ so as to arrive at the adjusted 
aggregate energy figures. If these are regressed on output, the authors 
argue, we obtain an estimate of the "unbiased" energy elasticity.
Equation (1) is supposed to represent a production function with 
the various fuels as the only explanatory variables. No matter what 
the original mathematical specification of the model is, elementary . 
economic theory postulates that output is the outcome of land, labour> 
capital and entrepreneurial skill. has been customery, in estimating
production functions, to neglect land because it is constant and entre­
preneurial skill because it is not easily measureable but never capital 
or labour. What in fact happens is that total fuel consumption acts as 
a proxy for capital in a function where labour is left out. It is, how­
ever, well known that in production functions the labour variable is
APPENDIX A
Bias in the A-M Method
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usually the variable with the largest wieght. Neglecting it, means 
that we impose, by specification, a serious positive bias on the 
remaining variables. If this bias is distributed equally among all 
variables (as the authors implicitly assume by putting k common to 
all fuels) then the estimated relative efficiency factors are correct.
It can be proved though that the bias differs from variable to variable, 
in which case the method proposed is positively biased.
For the sake of simplicity let us assume that the complete speci­
fication of the production function is:
0 = c^C + c2P + CgL + w (2)
where 0 = output, C = coal, P = petroleum,
L = labour, w = error term.
All variables are expressed in deviations from 
their respective means.
and further, that intentionally or by mistake we estimate instead:
0 = c^C + cJP + w* (3)
From the normal equations of (2) we obtain:
e ( £ o c ) =  c j c 2 +  c 2 £c p  +  c 3£c l
e ( £ o p ) =  c x£c p  +  c 2 I p 2 +  c 3£p l
Hence
e (£o c£p 2-Xo pXc p ) = c J ^ c ^ p M X c p )2] + c3 (^ c l^p 2-^p l^c p )
Since the OLS estimator of C is:
Io c £p 2~Xo p £cp
+   -----------
£C2£p 2-(£cP)2
it can easily be shown that
e (£*) = Cj + c3k1
where k^ is obtained from the least squares estimation of an equation 
with the excluded labour variable as the dependent one,
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ie . L = k-jC + k2P + V
similarly it can be proved that
E(C*) = C2 + Ogk2
We have shown then that both estimated coefficients of the coal and 
petroleum variables are biased due to the exclusion of the labour variable 
and that the bias is equal to c3k x and c3k2 respectively. On a priori 
grounds we would expect labour to be positively related to output as 
well as coal and petroleum to labour. Thus, the bias imparted on the 
relative efficiency factors will be significant and positive. Only 
by accident may kj be equal to k2; in general we expect k^ / k2» The 
method of obtaining relative efficiency factors does not hold then,
no substitution between them. This, however, is a highly unrealistic 
assumption to make. In all economies one expects a continuous change 
in the capital stock and labour force, as well as a reasonable degree 
of substitution. If, for example, wages are persistently high (ie. 
higher than the marginal revenue product of labour) then this situation 
will sooner or later lead to substitution of capital for labour. Thus, 
it is very difficult to see in which situation a production function 
of the sort described by Adams and Miovic, will exist.
Re.1
One possibility that would make model (1) operational arises, if 
we consider a case where capital and labour are constant and there is
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When monetary variables like GDP and prices are used in a study 
where a number of different countries is treated as a group, then, 
some kind of common denominator is needed. The most usual method of 
conversion in practice is the use of exchange rates. This, however, 
is a questionable technique because exchange rates, in most cases, 
would not reflect the relative purchasing power of local currencies.
Supposing now that we perform pooling and the GDP values of each 
country in each year are expressed in U.S. dollars. Then our parameter 
estimates will have a discrepancy because when national currencies are 
converted into a common currency denominator via the prevailing exchange •• 
rates every single variation of the latter will reflect on the magnitude 
of the GDP variable. Of course depreciations or appreciations of the 
external value of currencies depicts similar movements of the overall 
performance of the economy, but this does not mean to say that if at a 
given point in time a country devalues by 20% its real GDP has necessarily 
deteriorated by the same amount.* Nevertheless if GDP is converted into 
another currency, whose external value has remained stable, its value 
will drop abruptly by 20%. This would cause a serious and inconsistent 
bias at least in the regression coefficient of the GDP variable.
This point can be clarified and the magnitude of the exchange rate 
bias can be seeing in the following experiment. By running regressions 
on data for the 1956-72 period' the GDP elasticity for each EEC country 
was computed, and GDP was measured in local currencies and 1963 prices. 
Thus the elasticities obtained are 'termed the "true" elasticities. The 
same regressions were computed by converting GDP into U.S. dollars by 
using the exchange rates prevailing in each year. As a last attempt 
GDP was.calculated on the basis of yearly-exchange rates but current
APPENDIX B
The Problem o f Exchange Rates
* In the fixed exchange rate period devaluations tended to reflect the 
accumulation of economic performance over a number of years rather than 
a sudden change in a country's economic activity.
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prices. This last set of regressions embodies the assumption that 
ultimately the domestic rate of inflation relative to the inflation 
rate of the other countries determines the level of exchange rate. 
This is more true, of course, when rates are freely fluctuating and 
the supply and demand for each currency determines its external price,*v
On a priori grounds we would expect the difference between the 
"true" elasticities and the ones computed by using yearly exchange 
rates with and without constant prices to be caused by the yearly 
fluctuations in the exchange rates. The results obtained were as 
follows.
GDP Elasticities
Country
Local Currencies 
Constant 1963 
Prices
Constant 1963 
Prices. Yearly 
Exchange Rates
Current Prices 
and Yearly 
Exchange Rates
Belg/Lux 0.779 0.679 0.432
France 0.855 1.042 0.549
Germany 0.678 0.521 0.377
Italy 1.473 1.395 0.878
Netherlands 1.193 1.034 0.620
Denmark 1.370 1.399 0.552
U.K. 0.473 0.666 0.252
When we convert GDP using yearly exchange rates the bias imparted 
onto the elasticities is either upward or downward depending on how 
the European currency in question has moved in time against the dollar.
As it can be seen from the table, in most cases the bias is quite 
significant. When we use current prices and yearly exchange rates 
the computed elasticities are abysmally low. This is so especially 
because^the period chosen was one of fixed exchange rates with slight' 
average yearly fluctuations.
The use of exchange rates has been met with critism by many eco­
nomists. Their*use in international comparisons, for example, has been 
heavily opposed by Gilbert and Kravis (79) and Gilber and Associates (43). 
The important point to realise however is, that their appropriateness must
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be judged in the light of the purpose for which they are used. We 
can distinguish at least four cases where exchange rates can be used.
(a) Measuring changes in living standards (real incomes) in a parti­
cular country over time. In such a case we need to take account 
of changes in net income from abroad, net current transfers abroad 
as well as the terms of trade effect. A good explanatory note on 
this point is given by J. Hibbert (80).
(b) Comparing incomes between countries at a given time. Exchange 
rates are an inadequate basis for assessing the internal purchasing 
power of currencies. Explicit calculations of the discrepancy be­
tween internal purchasing power parities and exchange rates have 
been provided by Kravis, Kenessey, Heston and Summers (81). Ac­
cording to the, definitions given by the authors, purchasing power 
parity is, the number of currency units required to buy goods equi­
valent to what can be bought with one unit of the currency used as 
.a base, usually the US$. For comparison purposes the following 
table (from this study) is quoted
Purchasing Power Parities and Exchange Rates 
Currency Units Per US$ .
Pur- F.R.
chasing
Power
Parities
Kenya
(Sh)
India
(Rs)
Colo­
mbia
(P)
Hun­
gary
(Ft)
Italy
(L)
U.K.
(£)
Japan
(¥)
Ger­
many
(DM)
France
(Fr)
GDP 3.740 2.16 8.00 16.1 483.0 0.3080 244.0 3.14 4.480
Exchange
Rate 7.143 7.50 18.56 30.0 625.0 0.4167 360.0 3.66 5.554
% Devia­
tion of 
.E.R. from 
P.P.P.
90.100 247.20 132.00 86.3 29.4 35.4000 47.5 16.60 24.000
This table demonstrates clearly how big differences between exchange 
rates and the proper relative purchasing power of currencies can be. 
It can be seen that for the case of less developed countries the 
descrepancy is much larger than the more developed ones. An attempt
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to overcome the inadequacy of exchange rates has also been made 
(by using non-monetary indicators) by N. Becherman and R. Bacon 
(82).
(c) Aggregate incomes for a group of countries over time. In such a 
case countries are not directly compared one with another but 
rather aggregate figures are used to study the changes over time 
of a combined area. The prevailing (or abjusted) exchange rates 
are used to convert the national products into a common currency 
denominator. As Gilbert and Kravis puts it (79, pl4) "In essence, 
therefore the dollar equivalents to national currencies given by 
exchange rates were used (for the O.E.E.C. area) as weights in 
combining the national products of the various Member countries. 
This is perhaps the least unsatisfactory use that can be made of 
the exchange rate method."
(d) Aggregate incomes over time for use in regression analysis. This 
is the case which is most pertinent to us and it.is a logical ex­
tension of the previous one.
Ideally, one would wish to have the purchasing power parities for 
all the years included in his regression sample. Unfortunately such 
data,do not exist at the moment (since P.P.P. are calculated only for 
selected years and selected countries). Therefore we have to make some 
compromise.
In general the problem of exchange rates is not that acute in the 
case of converting a number of monetary series to be used in regression 
models. In our case the primary need is not to compare the national 
products of the European countries in question. What we mainly require 
is aggregate real GDP variables for the whole of EEC countries which 
would vary consistently. By consistently we mean that GDP ought to 
vary mainly as a result of the growth or decline in the productive 
activity of each country, and^not due to exchange rate fluctuations. 
Thus the computed regression coefficient will not pick up movements 
in the average yearly exchange rates but simply the movements of 
economic activity. The method employed in this study, in order to 
overcome this problem is the use of constant 1963 exchange rates, a 
year which is also the base period for deflating the series.
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Clearly, if in the experiment conducted we had a fourth case 
where the conversion of GDP's was done via using constant exchange 
rates, the elasticities obtained would have been identical with the 
true ones. This, of course, stems from the fact that the multipli­
cation of one independent variable by a constant factor does not 
affect the regression elasticities.
Consequently, our basic assumption in using constant exchange 
rates is that, at a given year say 1963, the exchange rates that 
prevail in the EEC area are long run equilibrium values expressing 
the relative purchasing power of lower currencies (or equivallently 
that the bias the exchange rates have in these countries is roughly 
the same). In such a case the use of constant exchange rates would 
yield unbiased elasticities.
The conclusion for the practical researcher is that fluctuating 
exchange rates would tend to bias his estimates of coefficients. One 
simple way of getting round this problem is to use constant exchange 
rates selected for the year which serves as a basis for deflating the 
monetary series.
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The reduced form of the dynamic model applied to the domestic 
model is
D t  =  a 0 ( 1 - X ) + a i Y t - l + a 2 P t a 2 X P t - l + a 3 V a 3 X T t - l
APPENDIX C
PART I  Non-linear Method o f Estimating the Dynamic Model
t “ l  t  t - 1 (1)
w h e r e  a l l  v a r a i b l e s  a r e  i n  l o g a r i t h m s .  R e a r r a n g i n g  ( 1 )  w e  g e t  
V X D t - l  =  a O < 1 - X , + a l Y t - l + a 2 ( P t - X P t - l ) + a 3 (V X T t - l )
or
+ ut"Xut-i
D* = a0 (l-A)+aIYt_1+a2P*+a3T*+nt ( 3 )
where Dt - V XDt-iP* = pt-xpt-lrp*t “ Tt-XTt-l
nt = Ut-Xut-1
DOMESTIC 1956^70
V A L U E  OF R E S I D U A L  S UM „ «
X OP S Q U A R E S ai a 2 a3
0 . 1 0 2 . 2 7 1 8 6 3 . 0 7 8 1 - " 0 . 3 3  26 - Q . 1 8 3 6
0 . 2 0 1 , 7 9 7 8 4 2 . 7 0 8 1 * 0 , 3 4 0 6 - 0 . 2 5 7 3
0 , 3 0 1 . 4 0 3 7 0 2 , 3 4 1 6 " 0 , 3 4 6 1 " 0 , 3 2 2 7
0 . 4 0 1 , 0 9 1 2 5 1 , 9 7 8 7 «?0 . 3 4  08 - 0 / 3 7 7 4
0 . 5 0 0 , 8 6 1 9 8 1 . 6 1 8 6 * 0 . 3 2 9 0 " 0 , 4 2 0 6
0 ,  6 0 0 , 7 1 6 7 6 1 . 2 5 9 4 " 0 , 3 0 8 3 * 0 . 6 5 2 9
0 . 7 0 0 , 6 5 5 5 6 0 , 8 9 9 4 * 0 . 2 8 0 4 " 0 . 6 7 5 5
0 . 7 1 0 , 6 5 4 3 7 0 , 8 6 3 2 * 0 , 2 7 7 3 * 0  . 6 7 7 3
0 . 7 2 0 , 6 5 3 7 6 -• 0 , 8 2 7 0 « 0 . 2 7 4 3 * 0  . 6  79 0
0 . 7 3 0 , 6 5 3 9 8 0 , 7 9 0 8 " 0 . 2 7 1 1 " 0 . 6 8 0 6
0 . 7 4 0 , 6 5 5 0 4 0 , 7 5 4 5 * - 0 . 2 6 8 0 - 0 , 4 8 2 1
0 . 7 5 0 , 65  6 94 0 , 7 1 8 ? * 0 . 2 6 4 8 * 0 .  6 3 3 6
0 . 7 6 0 , 6 5 9 6 9 0 , 6 8 1 8 « Q . 2 6 1 7 ■ • * 0 , 4 8 4 9
0 . 7 7 0 , 6 6 3 2 7 0 , 6 4  54 •* 0 . 2 5 8 5 " 0 . 6 3 6 2
0 . 7 8 0 . 6 4 7 7 0 0 , 6 0 9 ’0 “ 0 . 2 5 5 3 *  0 ,  6 3 7 5
0 . 7 9 0 . 6 7 2 9 7 0 , 5 7 2 5 * * 0 / 2  5 21 " 0 . 4 8 3 6
0 . 8 0 0 , 6 7 9 0 7 0, 5 35?- "  0 .  2 4 8 9' - 0 . 6 3 9 6
0 . 9  0 0 . 7 8 6 3 9 0 . 1 6 8 0 " 0 . 2 1 8 1 0 . 6 9 4 3
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DOMESTIC 1 9 5 6 - 6 5
VALUE OF RESIDUAL SUM n f
X OF SQUARES 1 2 3
0.10 1 ,62954 3.0204 -0.5303 ■ -0.1964
0.20 1,30080 2.6423 <-0 . 5 37? -0.2742
0.30 1,02778 2.274? -0.5347 -0,3463.
0.40 0.81128 1.918? -0.5175 -0,4102
0.50 0,65166 1,5699 -0,4847 -0.4647
0.60 0,54850 1,2256 -0.4378 -0.5098
0.70 0,50095 0,8797 -0.3813 -0.5458
0.71 0,49922 0,844? -0.3754 -0,5489-
0.72 0,49804 0,8099 -0 . 3694 -0,5520
0.73 0,49741 0,774? -0.3634 -0.554?
0.74 0.49732 0. 739*3 -0.3575 -0,5577
0.75 0.49778 0.7046 -0.3515 -0.5605
0.76 0.49878 0.669*4 -0.3455 - 0, 5 6 3?
0.77 0,50036 0.6340 -0,3395 -0.5657
0.78 0,50243 0.5986 -0,3336 -0.5683
0.79 0,50308 0,5631 -0.3276 -Q.5707
0. 80 0,50827 0.5275 -0,3217 -0.5731
0.90 0,37025 0.1660 -0,2652 -Q.S921
D O M E S T I C  1 9 6 1 - 7 0
VALUE OF RESI DUAL SUM;
X OF SQUARES al a2 3
6 . 1 0 0 , 7 0 7 0 2 2 , 9 2 8 0 - 0 . 2 0 1 8 - 0 , ?  5 4 5
0 . 2 0 0 . 5 8 3 6 8 2 , 5 7 8 ? - 0 , 2 0 0 7 - 0 . 3 4 3 7
0 . 3 0 0 , 4 8 0 4 6 2 , 22 86 - 0 , 1 9 8 0 - 0 . 3 3 6 ?
0 . 4 0 0 , 3 9 7 5 9 1 .879*4 -0 .1 9’34 - 0 . 3 3 4 2
0 . 5 0 () , 3 3 4 4 6 1 . 5 3 0 1 - 0 . 1 8 6 7 - 0 . 3 3 5 3
0 . 6 0 0 , 2 9 1 6 1 1 . 1 8 0 3 - 0 . 1 7 7 ? - 0 . 3 3 9 7
0 . 7 0 0 . 2 6 8 7 7 0 . 8 2 9 8 - 0 . 1 6 7 5 - 0 . 3 6 6 6
0 . 7 1 0 , 2 6 7 5 8 0 . 7 9 4 6 ••0. 1666 - 0 . 3 6 7 4
0 . 7 2 0 , 2 6 6 5 9 0 . 7 5 9  5 - 0 . 1 6 5 3 - 0 , 3 6 8 3
0 . 7 3 0 , 26581) 0 . 7 2 4 3 - 0 , 1 6 4 2 - 0  . 3491
0 . 7 4 . 0 , 2 6 5 2 1 0,  689-2 - 0 . 1 6 3 0 - 0 , 3 6 9 ?
0 . 7 5 0 , 2 6 4 8 2 0 , 6 5 0 1 '•’ 0 . 1 6 1 ? - 0 . 3 5 0 ?
6 . 7  6 0 , 2 6 6 6 3 0 . 6 1 8 8 - 0 . 1 6 0 ? - 0 . 3 5 1 8
0 . 7 7 0 . 2 6 4 6 3 . 0 . 5 8 3 6 ~0.  159-6 -  0 . 3 5 2 7
0 . 7 8 - 0 . 2 6 4 8 4 0 , 5 4 8 6 - 0 , 1 5 8 4 •>0. 353 6
0 . 7 9 0 , 2 6 5 2 4 0 . 5 1 3 2 - 0 . 1 5 7 3 “ 0 . 3 5 4 6
0 . 8 0 0 , 26584 0 , 4 7 7 ? o 0 . 1 5 61 - 0 . 3 5 5 5
0 . 9  0 0 . 2 8 2 7 3 0 . 1 2 4 7 « { ) , 1 4  46 - 0 . 3 6 5 3
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The non-linear method consists in interating (3) with different 
values of A in the range 0 and 1. Thus we try a grid of values of A 
from 0.10 to 0.90 in steps of 0.10. This helps to locate possible 
multiple minima. Then a second search is conducted in the range 
where the residual sum of squares is approaching the global minimum.
Likewise, the reduced form of the dynamic model applied to the 
transportation sector is
tr* = v i - M + J + V i W i
where TR* = TR -ATR^ ,t t t-l
pt - pt-xpt-i
nt = V xV i
Thus the parameter estimates of b^ and b^ are given from the 
following iterations.
TRANSPORTATION 1956*70
AUJE OF R E S I D U A L  SUM h 1
A OP SQUARES b l 2
0.10 0 . 69-5 02 1 ,450 8 '*0,6124
0.20 0 , 56033 1 , 30 5 6 *0 , 5 5 8 7
0.30 0, 44210 1,1581 *0,6989'
0.40 0. 34 07 0 1 , 0070 *0,4363
0.50 0.2569'i 0 , 85 0 ?' * 0 .376?'
0.60 0. 1 9 1 9 8 0,6891 *0,3290
0.70 0 , 14 71 7 0.5271 *0,3006
0.80 0, 17342 0.3515 *0 ,2964
0.81 0.12=222 0,3343 -0,29*73
0. 82 ’ 0,12122- 0,3172 *0 . 2 9 8-5
0.83 0,170 45 0,3000 -0.2999'
0.84 0, 11 98 8 0,2828 -0.3015
0. 85 0, 11952 0,2657 *0.3 03 3
0 . 86 0, 11 93 8 0,2485 « 0 , 3 0 5 4
0,87 0, 11 94 4 0 , 2 3 1 k *0 .3076
0. 88 0.11971 0,2142 *0.3101
0. 89 0,17019 0,1971 *0.3 12 8
0.90 0 , 12 08 8 0,1800 *0 ,3156
TRANSPORTATION 1 9 5 6 * 6 5
VALUE OP RESIDUAL SUM b'A OF SQUARES 1 2O.iO 0.19844 1 ,3379' -0.9320
0.20 0,16986 1 .2125 -0.8855
0.30 0,14573 1 , 0888 -0.8220
0.40 0,12547 0,9 649’ -0.74Q6
0,50 0,10860 0.8378 -0,6451
0.60 0,09513 0,7038 -0,5458
0.70 0.08580 0. 5599' -0.4582
0.75 0,08310 0,4341 *0,4253
0.76 0. 08274 0 , 6686 -0.4172
0.77 0,08245 0,4551 *0.4114
0.78 0, 08222 0,4374 -0.4060
0.79 0,03205 0.4217 -0.4003
0.80 0,08195 0, 4059’ *0.3960
0.81 0,03192 0,3901 *0.3914
0.82 0,08196 0.3741 -0.3873
0.83 0.08207 0.3581 *0.3834
0.84 0,03225 0.3421 «0.37980.9 0 0, 08487 0.2446 -0.3649
T R A N S P O R T A T I O N 1 9 6 1 - 7 0
V A L U E  O F r e s i d u a l  s u m
A O F  S Q U A R E S b 11 b 2
0 , 1 0 0 , 2 0 9 7 6 1 . 5 6 6 ? 0 . 0 5 2 3
0 . 2 0 0 , 1 6 4 8 2 1 . 3 7 7 9 ' 0 , 0 3 1 1
0 . 3 0 0 , 1 2 6 6 8 1 . 1 9 0 3 0 , 0 0 5 9 *
0 . 4 0 0 . 0 9  5 3! 1 , 0 0 3 7 - 0 , 0 2 3 1
0 . 5 0 0 , 0 7 0 6 8 0 . 8 1 8 5 - 0 , 0 5 5 4
0 , 6 0 0 , 0 5 2 7 7 0 , 6 3 5 1 * 0 , 0 8 9 '5
0 . 7 0 0 , 0 4 1 6 2 0 , 4 5 3 8 * 0 . 1 2 3 7
0 . 7 5 0 , 0 3 8 6 0 . 0 , 3639!' * 0 , 1 4 0 0
0 . 7 6 0 , 0 3 8 2 0 0 , 3  4 6  0 - 0 . 1 4 5 2
0 , 7 7 0 . 0 3 7 8 7 0 , 3 2 8 1 - 0 . 1 4 6 3
0 . 7 8 0 , 0 3 7 6 0 0 , 3 1 0 3 * 0 , 1 4 9 4
0 . 7 9 0 . 0 3 7 4 1 0 , 2 9 2 4 - 0 , 1 5 2 . 4
0 . 8 0 0 . 0 3 7 2 8 0 , 2 7 4 6 * 0 . 1 5 5 4
0 . 8 1 0 , 0 3 7 2 3 0 , 2 5 6 8 - 0 , 1 5 8 4
0 . 8 2 0 , 0 3 7 2 4 0, 2 3  9 '0 - 0 . 1 6 1 1
0. 8 3 0 , 0 3 7 3 3 0 , 2 2 1 2 « 0 , 1 6 4 2
0 . 8 4 0 , 0 3 7 4 8 0 , 2 0 3 4 * 0 . 1 6 7 0
0 . 9  0 0 , 0 3 9 8 5  . . 0 . 0 9 7 2 * 0 , 1 8 2 6
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A test for autocorrelation can be performed in the following 
lines. We first deal with the simple case of demand for motor 
gasoline. The reduced form equation is
m t  = b*(l-X)+b'Yt_1+b2Pt-b2XPt_1+TRt_1+ut (1)
All variables are in logarithms and the residuals by specification
follow a first order autoregressive scheme of the form u = pu ,+w , \wWv-e. vrt t-1 t t
a random variable.
If equation (1) is lagged by one period we get
TRt-l = b0(1_X)+biYt-l+b2Pt-l“b2XPt-2+XTRt-2+Ut-l (2)
and if (2) is multiplied by the autocorrelation coefficient p and 
subtracted from (1) we have
= b0(1-X> a "P,+bi(Yt-rpTt-2>+b2(Pt"pPt-l)
= b2X(pt-rppt-2)+X(TV r pTRt-2)+ut-put-i (3)
Or, using the first order autoregressive scheme, and rearranging (3)
TRt = bo (1-X) (1-p)+biYt-rbipYt-2+b2pt-b2(p+X)pt-i
+ b2pXPt_2+(p+X)TRt_1-XpTRt_2+wt (4)
and the error term in (4) is now a purely random variable. Equation
(4) cannot be estimated directly because we have a non-linear restriction 
between the parameters (7 variables and the general constant, but only 
5 parameters).
The solution to this problem is again a generalisation of least 
squares where the residual sum of squares is minimised with respect to 
b0' bl' b2' X Rquation (3) is firstly calculated for a grid
of values of p from -0.90 to +0.90 in steps of 0.10 in order to find
PART I I  Test fo r Autocorrelation
* bQ expresses the logarithmic value of all seven intercepts.
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the global minimum. Then, an asymptotic t test on p is conducted 
and if the latter is statistically significant autocorrelation of 
the first order is accepted.*
We firstly form the variables
TR' = TR -pTR _ t t t-1
x+ i  - Yt-rpYt-2 
p; - pt-ppt-i 
Pt-1 = Pt-l“pPt-2
TRti “ TV r pTV 2
and calculate the regression (for each value of p)
TRt - W h M - V h W i
where dQ = bQ (l-X)(1-p)
ai ■ bi 
d2 = b2 
d3 = ~h 2^*t = x
In the 1956-65 period the function apparently has two minima, 
one around the value of p +0.10 and another in the value -0.10. This, 
last value is the global minimum. For such a small value of the auto­
correlation coefficient we need not even bother calculate any asymptotic 
standard error. This coefficient is bound to be statistically insigni­
ficant. Hence we conclude that for that period there is no first order 
autocorrelation.
* Strictly speaking one would need a two dimensional search. One de­
signed to estimate the optimal value of X and one for p (see for 
example Dhrymes 82 and 83). Nevertheless computations can be greatly 
simplified if we take Durbins (75) proof for granted and bother only 
with a one dimension search.
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TRANSPORTATION 1956*65
VALUE Of RESIDUAL SUMwr
A
c a vj w ** ™ T»
OF SQUARES 1 d2 d3 4 -
0 . 9 0 0 , 0 8 1 4 1 0 . 4 2 6 6 - 0 , 4 5 5 7 - 0 . 0 7 1 6 0 . 1 0 8 5
0 . 8 0 0 , 0 7 5 2 7 0 , 4 9 6 3 - 0 , 4 9 3 7 “ 0 . 1 2 3 0 0 , 1 0 9 1
0 . 70 0 , 0 7 1 2 7 0 . § 8 0  3 " 0 , 5 1 2 1 - 0 . 1 6 6 1 0 . 1 3 3 0
0 . 6 0 0 , 0 6 9 3 7 0 , 6 4 9  7 - 0  . 5 0 9 2 - 0 . 1 8 9 5 0 . 1 9 4 1
0 . 5 0 0 , 0 6 8 7 4 0 . 6 7 5 6 - 0  . 49 30 - 0 . 1 8 2 3 0 , 2 9 7 2
0.  40 0 , 0 6 8 1 0 0 , 6 5 1 8 « Q , 4768 - 0 , 1 4 3 2 0 . 4 2 2 3
0 . 3 0 0 . 0 6 6 5 8 ■ 0 . 5 9 9 1 - 0 . 4 7 0 ? - 0 . 0 8 5 4 0 . 5 3 5 5
0.  20. 0 , 0 6 4 3 4 0 , 5 4 5 4 - 0 . 4 7 3 2 - 0 . 0 2 7 0 0 . 6 1 4 5
: 0 . 1 0 0 , 0 6 2 1 2 0,  5 0 5 8 . - - 0 . 4 8 0 1 0 . 1 9 8 7 0 , 6 5 7 9
0,  00 0 . 0 6 2 5 4 0 , 4 0 9 8 -  0 , 4 3 5 91 0 . 1 0 1 5 0 , 7 3 7 9
*  0 . 1 0 0 . 0 6 0 1 7 0 . 4 7 1 7 - 0 . 4 8 5 3 0 . 0 6 7 6 0.  6799'
- 0 . 2 0 0 . 0 6 0 9 8 0 . 4 6 8 8 - 0 . 4 7 9 0 0 . 0 7 0 3 0 . 6 7 8 2
* 0 . 3 0 0 , 0 6 3 0 3 0 , 4 7 0 2 - 0 ,  4661. Q. Q609 0 , 6 7 6 6* 0 .• 4 0 0 , 0 6 6 2 5 0 , 4 7 3 4 - 0 , 4 4 7 2 0 . 0 4 0 7 0 . 6 7 8 4
- 0 . 5 0 0 , 0 7 0 5 1 0 , 4 7 6 8 - 0 . 4 2 2 8  ‘ 0.  0105 0 , 6 8 5 8
- 0 . 6 0 0 , 0 7 5 6 9 0 , 4 7 9 5 - 0 . 3 9 3 7 - 0 .  0.29? 0 , 6 9 9 9
- 0 . 7 0 0 , 0 8 1 6 5 0 , 4 8 1 0 - 0 . 3 6 0 8 -  0 , 0  77 7 0 , 7 2 1 4
* 0 . 8 0 0 , 0 8 8 2 4 0 . 4 8 1 2 - 0 , 3 2 4 7 . - 0,134 5 0 , 7 5 0 6*0,90 0 , 0 9 5 5 5 0. 479*8 - 0 , 2 8 6 2 -0,1991 0 , 7 8 7 5
TRANSPORTATION 1961-70
VALUE OF 
A0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00
-0.10 
-0.20 
*0 . 3 0  
* 0 . 4 0  
- 0 . 5 0  
*0,60 
*0 . 70  
-0.80 
®0.9O
R E S I D U A L  S UM  
OF SQUARES 
0,04115 
0,04129 
0,04312 
0,04521 0,04556 
0.04389 
0, 04143 
0,03923 
0.03773
0.03705
0.03718 
0,03805 
0.03960 
0,04172 
0,04435 
0.04740 
0.05089 
0.05447 
0.05834
1
0.0722
0,011?
0,0539
0,0991
0,1210
0,1386
0,1620
0,1887
0,2133
0.25100.2687
0,2711
0.2762
0. 2789'
0,2796
0,2783
0,2777
0.2736
-0.1992 
-0,1943 
-0.1 70S 
-0,1432 
-0.1314 
-0,1376 
-0,1500 
-0.1594 
-0,1628
0.2347 *0. 1 599'
-0.1512 
-0.1375 
-0,1196 
-0, 0979- 
-0.073? 
« 0. 0 4 61 
-0. 0170 
0,0135 
0.0451
-0.0333 
-0,1016 
-0,1503 
-0.151?
-0 .1002 
-0,0302 
0.0286 
0,0674 
0,0882
0 , 0 9 '4 3
0,0883 
0,0719 
0.0459 
0.0109 
-0.0324 
-0.0338 
-0.1426 
-0.2086 
-0.2812
d4 
0.2057 
0,2513 
0,3564 
0.527ft 
0,7021 
0,8126 
0.8532 
0,8530 
0.8362
0.8162
0,7994
0,7885
0,7850
0,7893
0,8015
0,8717
0,8497
0,8852
0.9279
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In the period 1961-70 the conclusion is even simpler. It is 
only at a zero value of p that the function attains it minimum value.
The same procedure was adopted for the dynamic model of the 
domestic sector and the autocorrelation coefficent was located in the
0.10 neighbourhood. Thus, we can conclude that although the dynamic 
specification postulated builds in the model autocorrelation, the use 
of a pooled sample and the covariance transformation free the model 
from it.
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APPENDIX D 
INPUT .DATA
In the following thirty one pages the most tedious and time-con­
suming part of this study is reported.
It was hoped in the initial stages of this research to be consis­
tent with data collection and use only one source. It was soon realised 
that at the present state of affairs such a task is impossible, and that 
any piece of information is better than no information at all. Thus, 
all possible sources have been used and in cases where data were inade­
quate for our purposes amendments or extensions were made.
Sources and the main alterations made to the existing series are 
stated at the bottom of each table. Anyone who has been involved in 
any major statistical or econometric work can appreciate the value of 
these time series. Perhaps to some particular researcher these data 
may be still considered as inadequate. It is hoped, however, that to 
most they will constitute a base whereon some further research might 
be built.
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ENERGY CONSUMPTION IN 1.000 M.T.C.E.
^SOURCE : WORLD ENERGY SUPPLIES U.N. STATISTICAL PAPERS J
1970
1971
1972 
$973
1974
ITALY N E T H . FRANCE D E N M . F . R . GER . B / L U.K. E.E.C.
1955 3 4680 25550 93750 11 080 169220 37 490 254540 624310#19 56 39330 27840 106480 11330 179520 39140 252550 656190>1957 44370 279 80 110600 105 40 194950 39290 247180 6749101958 43950 27180 106810 11340 185840 35300 245730 656150■ 1 9 59 47280 30630 105520 11 330 185180 36260 239590 655790*1960 56350 30890 110540 1 29 60 203560 37480 258450 7102301961 6 0945 30616 116006 1 3747 204610 39 3 23 260433 7256801962 71275 35139 122713 1 5635 221930 421 00 264457 7732491963 79300 38730 135650 17338 238260 4 5 0 2 3 274941 829242.-*19 6 4 85050 40573 142658 18318 246038 44927 276171 853735/I 96 5 92667 4231 0 144845 19477 250349 46297 279389 8 7 5 3 3 4/ 1966 103654 44490 146466 21293 253959 45 469 279140 8944711967 113989 47217 156902 20651 249732 46319 270034 904844T 9 6 8 119607 52442 163954 2 2828 270018 521.31 274834 955814:*i969 128706 59895 176906 25098 294259 53929 286654 10254471970 144065 : 66014 192800 28757 '• 317748 ' 59 322 300202 1130187
....... . — . . . ... . ..  . . _ ... . TO . v _... .*....... ... ...... ... „ . . _  . .... . „
159980 69275 214368 28123 338922 64882 305509 1181059162632 ‘ 72330 223077 ' : 26834 340766 64433 301480 1191552172783 82793 235244 28209 355415 69957 306650 1251051182650 87818 256625 2 79 76 379774 73629 318168 1326640188126 86059 249367 2 5 59 8 372382 72274.... 305997 1299803
.
E . E , C . GE NERAL S T A T I S T I C S ...- ‘
MeWve vw^ . £V\ Vs
a
IN CONSTANT 1963 PRICES AND EXCHANGE RATES 
1 . 000. 000 U.S. DOLLARS
I T A L Y N E T H  . FRANCE DENM . F.R.GER. B/ I U.K. E . E . C .
1955 29802 1 0564 5461 0 5594 56536 1 0997 68178 '2362811956 31466 11042 57742 5709 60418 11341. 69455 2471731957 32033 11392 60728 60 22 63341 1 1609 70 517 2556421958 35098 11292 62497 6161 66797 11 49 5 70965 2643051959 37289 11853 64027 6585 72191 11848 73650 2774451960 41251 11875 70608 7013 85316 1 2425 77846 3063341961 45103 1 3467 72564 7335 89761 13130 80671 3220311962 47640 1 4031 79419 7 80 4 93492 1 3808 81 371 3375651963 50034 13306 • 83925 7915 96805 1 4423 84476 350884196 4 51321 1 5811 89437 861 7 103303 1 5 39 8 89 091 3729781965 5321 8 16658 93596 9103 109132 16004 91021 3887321966 5611 4 17164 98884 931 4 111031 1 6M  3 92923 4018431967 60339 1817? 103864 9641 112385 17006 95105 4165121968 6401 7 .19 09 7 108913 99 87 119970 17829 98462 4382751969 67611 20431 115683 10851 129761 19007 99301 4626451970 71010 21864 121858 •11142 137484 20251 101091 4847001971 72171 22881 129078 11602 141087 20929 103552 5013001972 74504 24183 135885 1 2202 145513 22000 105846 • 5199331973 78684 25125 143933 1 2667 152652 23131 111204 5473961974 81339
-
26 700 149537 12732 153591 24033 112093 5 6 002<5
SOURCE J U.N. STATISTICAL YEARBOOK
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N A T I O N A L D ! S P O S  A 8 L r . I N C O M E I N  1 0 6 U . S . d o l l a r s
I N  1 9 6 3 E X C H A N G E R A T E S
I T A L Y N E T H . F R A N C E D E N M . F . R . G E R . B / L U . K .
1 9 5 5 2 2 2 5 8 7 6 4 8 3 1 0 2 2 3 8 3 1 4 1 6 3 0 8 6 0 3 49 0 69
1 9  56 2 4 3 0 2 8 2 0 8 34 A 8 7 4 0 8 9 4 5 9 3 0 91 59 5 2 5 7 6
1 9 5 7 2 6 1 1 6 8 8 8 4 3 8 7 5 9 4 3 3 8 4 9 8 4 7 9 7 1 9 5 5 2 3 6
1 9 5 8 2 8 1 3 1 8 9 9 4 4 4 6 1  2 4 5 3 0 5 3 2 8 8 9 7 8 9 5 7 7 0 6
1 9 5 9 2 9 8 4 4 9 6 3 3 4 8 9 3 1 5 0  4 4 5 7 8 7 7 1 0 0 7 3 6 1 2 0 3
1 9 6 0 3 2 3 7 9 1 0 7 1 7 5 4 2 6 8 5 4 3 4 6 6 8 0 3 1 0 7 6 ? 6 581  0
1 9 6 1 3 6 0 7 8 1 1 2 6 3 5 9 0 6 6 6 0 0 8 7 5 3 9 9 11 A 26 701  34
1 9 6 ? 4 0 5 8 9 1 2 0 3 3 6 6 3 2 4 6 7 7 9 8 1 1 1 2 1 2 2 3 4 7 3 5 3 0
1 9 6 3 4 6 4 5 2 1 3 1 6 6 7 4 6 1 ? 7 1 7 5 8 6 1 1 6 1 3 1 1 1 7 8 1 6 5
1 9 6 4 5 0  5 9 0 1 5 5 36 8 2 7 5 4 8 2 2 5 9 4 3 0 4 1 4 7 0 5 8 5 3 0 9
1 9 6 5 5 4 5 04 1 7 3 1  7 8 8 5 6 4 9 2 2 1 1 0 2 7 3 2 1 6 0 1  8 9 1 6  4 5
1 9 6 6 59  0 2 3 1 8 7 8 1 9 6 2 8 7 1 0 1 0 0 1 0 9 2 6 0 1 7 1 6 7 9 7 2 2 2
1 9 6 7 6 4 9 9 7 2 0 6 5 1 1 0 3 7 2 7 1 1 0 6 2 1 0 9 6 3 5 1 8 3 2 5 1 0 2 5 4 5
1 9 6 8 7 0 1 6 9 2 2 8 7 4 1 1 3 8 3 7 1 21 77 1 1 9 6 6 3 1 9 6 2 2 1 1 0 4 3 4
1 9 6 9 7 7 3 1  0 2597- 4 1 3 09  49 1 3 9 5 2 1 3 4 1 1  8 2 1 7 5 6 1 1 7 8 6 9
1 9 7 0 8 5 8 1 9 2 9 1 9 ? 1 4 5 8 2 8 1 5 4 0 1 ! 5 1 2 2 5 2 4 2 1 3 1 2 9 1 0 5
1 9 7 1 9 3 3 4 0 3 2 8 0 3 1 5 6 7 0 3 1 6 8 0 3 1 6 7 3 0 1 2 6 4 1  1 1 4 3 5 5 2
1 9 7 ? 1 0 2 2 9 9 3 7 1 3 9 1 7 5 6 2 0 1 8 9 6  7 1 8 2 7 1 7 2 9 6 0 0 1 5 8 6 1 0
1 9 7 3 1 1 8 9 5 1 4 2 2 0 0 1 9 9 1 3 1 2 1 9 2 5 2 0 3 2 6 3 3 3 8 1  3 1 8 0 6 8 5
1 9 7 4 1 4 1 3 4 0 4 7 2 2 8 2 2 7 9 1 1 2 4 1  0 3 2 1 6 9 6 9 3 9 7 0 1 2 0 3 4 4 1
S O U P . C E : O E C D  n a t i o n a l  a c c a o u n t s
N A T I O N A L  D I S P O S A B L E  I N C O M E  I  N 1Q6 1 9 6 3  U . S .  D O L L A R S  
( D E F L A T E D  BY THE  C O N S U M E R  P R I C E  I N D E X )
I T A L Y N E T H  . F R A N C E D E N M . F . R . G E R . B/L U . K .
1 9 5 5 2 7 9 9 7 9 5 24 4 7 1 4 6 5 0 8 1 4 9 9 7 6 9 8 5 5 61 5 6 7
1 9 5 6 2 9 6 0 0 9 8  7 7 5 0 4 2 0 5 1 3 0 5 4 3 5 5 1 0 0 6 5 6 2 7 4 0':%> 1 9 5 7 3 1 3 5 2 1 01 7 6 5 5 6 0 8 5 2 5 2 5 7 3 6 1 1 0 5 1 8 6 3 8 5 7
1 9 5 8 3 3 2 5 2 1 0 3 0 2 5 5 5 5 7 5 4 8 4 6 0  4 8 6 1 04 4 7 6 4 6 9 3
1 9 5 9 3 5 2 7 7 1 0 6 9 1 5 7 2 2 9 5 9 9 8 6 4 8 1  2 1 061  4 6 8 6 1  3
1 9 6 0 3 7 1 3 2 1 1 7 1 3 6 1 5 2 8 6 3 5 6 7 3 8 1  5 1 1.340 7 2 7 1  8
% 1 9 6 1 4 0 2 2 1 1 2 1 1 1 6 5 0 5 1 6 7 9 6 8 0 2 1 2 1 1 8 7 7 7 5 2 5 1
1 9 6 2 4 3 3 6 4 1 2 5 6 1 6 9 0 1 6 7 1 9 6 8 3 1 0 7 1 2 5 6 1 7 4 5 7 4
1 9 6 3 4 6  45 2 1 3 1 6 6 7 4 6 1  ? 7 1 7 5 8 6 1  16 1 3 1 1 1 7 8 1  6 5
1 9 6  A 4 7 5 4 7 1 49 1  0 7 9 6 4 8 7 9 9 3 9 2 0 9 4 1 4 1 6 7 8 3 0 6 8
* 1 9 6 5 4 8 8 8 3 1 5 5 5 9 8 3 0 8 1 8 7 1 6 9 7 8 4 0 • 1 4 8 8 7 8 4 7 7 8
19 6 6 5 2 3 2 5 1 5 8 7 6 8 8 1 7 5 8 9  3 8 9 9 7 8 1 1 52.32 8 6 6 5 1
1 9 6  7 5 5 6 9 6 1 7 0 5 3 9 2 7 7 9 9 0 9 0 9 9 0 3 8 1 5 8 9  3 89  2 4-7
1 9 6 8 5 8 8 6 7 1 8 2 4 1 9 7 2 1  3 9 2 3 2 1 0 5 8 0 3 1 6 6 5 7 91 7 9 9
1 9 6 9 6 3 4 7 3 1 9 2 1  2 1 0 4 7 5 9 1 0 2 4 4 1 1 6 1 1 9 1 7 7  02 9 2 81 0
19  70 6 6 9 4 1 2 0 7 3 7 1 1 0 8 1 1 1 0 6 2 9 1 2 7 0 8 0 i  8 9 1  6 9 556.3
1 9 7 1 6 9 3 4 6 2 1 5 6 7 1 1 3 3 8 9 1 09  39 1 3 3 8 4 1 1 9 8 4 3 9 7 4 5 6
1 9 7 ? 7 1 8 9  0 2 2 7 2 9 1 1 1 2 2 2 1 1 5 7 9 1 3 8 3 1 7 2 1 0 2 3 1 0 0 3 2 3
19  73 7 5 4 2 9 2 3 7 7 5 1 1 7 6 9 0 •1 2297 1 4 3 4 4 6 2 2 2 1 6 1 0 4 4 4 2
• 1 9 7 4 7 5 3 0 ? 2 4 2 9 4 1 1 8 8 2 7 1 1 7 1 2 1 4 3 4 9 8 2 3 3 6 7 1 0 1 0 1 3
S O U R C E : O E C D  N A T I O N A L  A C C A O U N T S
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1 ENERGY PRICE INDEX 8ASED ON
. wo - .. -•
‘ - ■ F I SHERS I DEAL PRINCIPLE .. . I-'-; -Vr .• . ft .. :rl:- 1963 U.S . DOLLARS PER
:
QUANTITIES OF EQUIVALENT. CALORIFIC POT ENT I A L
I TALY NETH . FRANCE , DENM . F . R . GER. B/L u .k .
*
1955 81 .3 51.0 67.8 71 .3 48.2 47.5 42.9
1956 77.8 52.0 66.1 65.4 47.6 r 45.6 42.5+zr
1957 87.1 56.5 72.1 76.3 51 .9 50.2 43.9* 1958 75.8 55.7 73.4 72. 4 50. 4 51 .1 : 44.8
? 1959 68.5 54.0 75.6 67.9 49.9 49.9 45.0
19 60 65.0 51 .4 74.7 . 61 .2 46.7 48.7 45.1 : \ ' i
1961 63.9 .50.0 74.3 58.8 49 . 7 48.2 46.8
V 1962 62 .9 49 .0 69.5 "... 56.1 . 47.3 47.4 . 46, 5 :;~1963 60.2 48.2 67.9 54.7 47.2 46. 7 46.4 •
. 1964 63.0 50.1. 66.6 53.6 . 48 .0 46.8,:.; 45,9| 1965 59.4 46.1 64.9 50.3 47.0 46.1 46,2
1966 62.5 44.8 6 4.2 .. 46.7 . 46.3 45.7,;:. 47.2/::
■ V. 1967 62.5 46.2 63.6 47,6 47.6 45.8 48.7
1968 61 .4 4 4.3 61 .6 46.2 49 . 5. 45.8 :;v; 49.1 .1/
1969 61 .7 40.8 62.1 45,7 44.1 4 4,9 5 3.4\? 19 70 64.0 41 .0 63.7 44.5 47.8 47.1 V> 53. 7.Li
1971 64.3 42.2 70.6 • 47.8 52.8 50.6 56. 8
1972 59.1 37.5 63,7;::., 44.3 50.9 .. 49.6 57.3
1973 56.3 38.1 62.1 44 .1 50.8 49 . 0 54.3
1974 77.7 49.6 88.3 . . 64.0. 6 4.9 ' 57.4 58.5 ,£
* ' y-==r/~r~r-:.-:
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A V E R A G E  A N N U A L  T E M P E R A T U R E  I N  C E N T I G R A D E
ITALY NETH. FRANCE DFNM. F . R.GER. B/L U.K.
1955 14.0 8.8 11.6 8.1 7.7 9.4 9.7
19 56 . 13.0 8.1 10.2 7.3 7.0 8.6 9.3 ft
1957 13.7 9.9 11.4 8.8 8.7 10.3 10.4
1958 14.2 9.3 11.6 8.1 / 8.5 9. 8 9.8
1959 14.1 10.1 12.3 9.7 9.1 10.9 10.8
1960 14.0 9.7 11.6 8.5 8.7 10.2 10/1
1961 14.4 9.8 12.4 9.2 9.3 10.6 10.3
1962 13.4 8.1 10.8 7.8 - 7.6 8.8 9.1 ft
1963 13.1 7.8 10.2 7.6 7.6 8.6 8.9
1964 1 2.9 9.1 11 .3 8.5 . ’8.6 9.8 9.8
1965 13.2 8.6 11.0 7.6 8.0 9.3 9.4
1966 14.0 9.4 11.8 8,1 9.0 10.2 9.9//
1967 13.8 9.9 11.7 9.2 9.5 10.2 10.1
/. 1968 13.5 9.1 11.2 8.9 8.7 9.5 9.8 ft
1969 13.4 9.2 11.1 8.4 8.2 9.9 9.7
r ' 1970 13.8 9.1 11.4 6.5 8.2 9.8 9.9/.
1971 13.9 9.5 11.1 9.0 8.8 10.1 10.3
1972 14.2 8.8 11.0 8.8 • 8.1 9.5 9,7
1973 15.3 9.3 12.3 9.2 9 .3 10.7 10.0
19 74 14.4 10.0 12.0 9.6 9.7 10.2 9 .9
"SOURCE : U.S. MONTHLY Cl IMATIC DATA FOR WORLDI * ft* I /' ; .—
WEATHER STATIONS USED - - ", 7" -.... ... ._ —
I T A L Y  : < R 0 M A + M I  L A N 0 ) /  2 . / +  f t  ■ „ .  _• ft.
N E T H .  : DE B U T
F R A N C E  : ( P A R I S + T Q U L 0 U S + L Y 0 N ) / 3
D E N M .  : C O P E N H A G E N
F . R . G E R . : ( B E R L I N + M U N C H E N + N U R E H R 0 U R G ) / 3 ’ ' :-
B / 1 : U C C L E  + I U X E M .  W E I G H T E D  BY P O P U L A T I O N
U . K .  : FR OM A N N .  A B S T .  OF. S T A T . ,
E N G L A N D  AND W A L E S ' + S C O T L A N D ,
W E I G H T E D  BY P O P U L A T I O N
I
I
‘ '  • ‘ 159
LIQUID FUELS PRICE INDEX 
BASEDON FISHERS IDEAL PRINCIPLE 
1963 U.S. DOLLARS PER QUANTITIES OF EQUIVALENT CALORIFIC POTENTIAL
.. . „ - .. _
I T A L Y N E T H  . F R A N C  E ' D E N M  . F . R . GER . B/L ..... _
1955 112.4 67.9 121 .4 81 .8 114.4 75.8... 1 1 2 . 2  >1956 104.9 66'. 4 116.6 74.7 110.1 70.3 108.11957 117.0 74.8 133.1 9 4.1 117.5 75.1 112.7'1958 97.7 68.1 134.5 82.4 92.8 72.1 1 01 .91959 86.1 6 4.4 132.2 78.6 89.3 76.1 9 5.8 - : --1960 81 . 0 61 . 2 1 26.7 69 . 0 76.1 75.0 90.91961 78.8 58.2 123.9 67.3 77.8 : 74.1 9 2 .8 . ::r>!1962 76. 3 56. 5 112.5 63.2 74.8 69.3 87.51963 72. 1 54.0 105.1 61 .3 72.0 ' 68.1 83.61964 75.0 53.4 99.0 59.5 67.1 62.0 80.31965 70.0 48.2 9 2.5 4 54.9 63.3 60.3 .. 79 A : r  m u1966 74.1 50.0 90.2 51 .7 61 .0 61 .3 79.11967 7 4.2 55.0 . 87.0 54.3 64.0 ; 62.0 82.0 , : ™1968 72.7 54.3 83.0 53.1 63.8 6 0.9 84.71969 73.3 51 .0 V 83.6 51.6 5 5.1 57.0 9 4.5 ,ZI':1970 76.6 54.7 81 .7 49.8 55.0 57.3 88.31971 75.6 59.3 88.4 - 53.4 63.1 62.5 9 2.11972 69.6 54.0 75.6 49 . 4 58.1 58.2 87.91973 66.9 58.5 .. 73.4 50.7 60.0 61 .0 8 5.9 to-1974 94.5 77.4 98.8 72. 4 87.0 78.2 101.0
SOLID FUELS PRICE INDEX ;
BASED ON FISHERS IDEAL PRINCIPLE ~ ; "
1963 U.S. DOLLARS PER QUANTITIES OF EQUIVALENT CALORIFIC POTENTIAL
I T A L Y N E T H  . F R A N C E D E N M . F . R . G E R . B/L U.K.
1955 47.2 38.9 42.7 60. 2 33.5 38.8 25.01956 48.0 41 . 0 42.0 67.6 33.7 37.8" 25.5 v ;1957 50.2 41 .7 42.8 62.8 36.1 41 .8 26. 11958 52.4 44. 3 41.4 58.1 38.9 43.1 28.01959 51 .4 42.6 44. 3 51 .6 37.8 40.1 28.11960 47.3 41 .3 44.8 49.2 36.8 38.7 29.1 T  71961 46.9 41 . 4 .44.0 4 4.5 36.0 37.5 30.21962 46.0 40.5 42.7 43.8 36.1 38.0 30.9 : ; • v
>96 3 44.2 41 . 4 42.4 42.4 36.4 37.0 31.91964 45.0 45.8 42. 5 41 .4 38.9 39.1 31 .6/. : .1965 43.3 42.9 42.2 40 . 0 38.3 38.2 31 .61966 41.6 41 .2 41 .8 35.1 37.6 36.3 32.2....1967 40.8 40.2 41 .9 31 .4 37.4 35.6 32,01968 40 . 0 39 . 5 40.4 '■28.5 40.1 35.8 30.7 ‘ v... ‘ :1969 39.7 38. 0 39 . 4 28 . 8 36.6 36.6 31.01970 38.0 36. 8 42.9 28. 2 42.5 39.3 33.3 ' . ...1971 • 44.5 40.7 48. 4 28.4 44.9 4 0.2 35.01972 42.1 38. 7 47. 4 25.6 45.0 41 .7 36.91973 39 . 5 36.1 46.5 23.6 43.2 38. 0 3 3.91974 56.0 57.7 73.7 37. 2 47.9 40,4 32.7
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, , P R I C E  OF E N E R G Y  I N  T H E  I N D U S T R I A L  S E C T O R
f I N  1 9 6 3  U . S .  D O L L A R S
B A S E D  ON F I S H E R S  I D E A L  P R I N C I P L E
i *
I T A L Y N E T H . RR AN . D E N  . F . R . G E R . B / L U.  K
j 1 3  61 2 5 . 4 1 9 . 2 2 7 . 0 2 6 . 3 2 4 . 8 2 4 . 7 2 3 . 1
/ A i 9 6 2 2 5 . 9 1 9 . 6 2 5 . 9 2 5 . 1 2 4 . 8 2 4 . 4 2 3 . 8j I 9 6 3 2 3 . 7 1 9 . 7 2 5 . 5 2 6 . 1 2 4 . 8 2 3 . 1 2 2 . 5
1 9 6 4 2 2 .8 1 9 . 6 2 5 . 1 2 2 .1 2 4 . 6 21 . 5 2 2 .0
I 9 6 5 2 2 .2 1 7 . 8 2 4 . 4 1 9 . 4 2 4 . 0 2 0 .8 21 . 7
.V ( 9 6 6 2 3 . 2 1 7 . 8 2 3 . 7 1 8 . 3 2 3 . 7 2 0 .8 2 2 . 5
j 1 9 6 7 2 4 . 0 1 8 . 4 2 2 . 5 2 0 . 3 2 4 . 5 21 . 4 2 3 . 0fj ** { 9 6 8 2 3 . 9 1 7 . 4 2 2 .1 21 . 7 2 6 .  5 21 . 4 2 2 .2
f ( 9 6 9 2 2 .0 . 1 6 . 7 2 0 .1 2 0 . 9 2 5 . 7 2 0 .8 2 1 . 3
: * 1 9 7 0 21 . 2 1 8 . 3 2 4 . 5 2 0 .1 2 7 . 8 2 3 . 7 21 . 3i , 1 9 7 1 2 3 . 4 2 0 . 5 31 . 4 2 3 . 7 31 . 6 2 6 . 1 2 5 . 0
I 2 7 2 21 . 2 1 6 . 9 2 8 . 3 2 0 .6 2 9 . 2 2 4 . 6 2 3 . 5
I 9 7 3 2 0 . 3 1 6 . 6 2 6 .  4 1 9 . 1 2 7 . 6 2 3 . 2 2 2 .0
» » I 9 74 3 1 . 5 2 5 . 0 4 0 . 7 3 4 . 3 3 4 . 6 2 9 . 2 2 5 . 0
E N E R G Y  P R I C E  I N D E X  I N  T HE  D O M E S T I C  S E C T O R  
B A S E D  ON F I S H E R S  I D E A L  P R I N C I P L E  
1 9 6 7  U . S .  D O L L A R S  P E R  Q U A N T I T I E S  OF E Q U I V A L E N T  
C A L L O R I F 1 C  P O T E N T I A L
I T A L Y N E T H . F R A N C E D E N M . F . R . G E R . 8 / L U . K>►
1961 51 . 9 46.6 61 .9 53.4 45.7 57.4 39.31962 50.4 44.7 58.2 49. 3 46.2 56.4 40.21963 49 . 3 45.0 55.7 47.0 46. 4 56.1 41 .41964 46.1 43.2 54.7 4 4.3 44.4 5 7.0 41 .61965 4 2.0 36.0 51 .1 39.1 41.4 5 5.8 40.71966 40. 1 35.3 48.8 36.5 38, 5 51 .5 52.11967 38.7 35.1 49 . 3 35.2 40.1 52.9 5 3 i 21968 36 . 8 35.4 48. 3 35.2 42.9 52.8 54.0' 19 69 35.7 3 0.8 48.8 33.2 38.9 50.9 53.71970 32.8 * 31 .0 50.0 35.5 40.1 62.4 53.91971 36.7 32.5 58.9 40.3 43.4 5 5.4 57.819 72 33.5 27.3 . 54.0 35.4 37.5 51 .7 58.91973 35.8 30.5 54.0 38.8 46,2 ' 55.7 55.61974 55.7 42.9 86. 8 60.8 70.8 72.0 58. 3
, i
I.
I
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>  OIL PRICES IN THE DOMESTIC SECTOR
IN CURRENT U.S. DOLLARS PER TON
COMBUST IB I LE H BO 1 FO FYRIN6S ElFO HGOFLUIDO GOSOLIEMILANO ROTTERDAM PAR I S COPENHAGEN DUSELDORF BRUXELLES LONDON
>  1955 37.4* 39.2 36.3 35.5* 39.4* 38.5 52.1 (1' 19 56 41.4* 39.4 37.7 41.6* 42.9* 39.1 51 .11957 42.9* 44.4 42.2 61.7* 57.4 43.7 58.7•• 19 58 35.6* 38.1 42.8 53.6* 41.5 42.7 52.819 59 33.5* 35.0 44.3 52.8* 40,5 46.6 55.1/ 19 60 33.1 30.6 43.2 40*0* 35.2 48.6 52.9+ 1961 31 .7 29.7 44.9 40.5 34.5 49 .3 56.6V 1962 32.8 29.4 44.3 39.6 37.7 46.7 59.5
■'/. 1963 33.7 30.8 44.1 40.1 38.2 48.3 60.4; 196 4 33.3 27.5 43.0 38.9 31 .9 45.2 59.5196 5 32.4 23.1 39.0 34.7 30.2 47.3 58.619 66 32.1 28.3 37.1 35.3 27.9 44.3 60.5> 1 9 6  7 32.8 32.5 39.6 37.3 31 .7 50.0 61.8/ 1968 32.6 35.8 42.4 41 .1 37.0 50.6 64.8v ' 1969 32.0 32.5 47.3 39.8 31.2 47.6 64.0!> 1970 32.4 36.4 52.0 43.1 33.0 49.5 63.3>  19 71 35.8 45.0 67.9 55.4 39.5 57.2 75.3/ 19 7 2 34.3 38.9 63.0 51 .9 33.0 51 .9 78.61973 42.0 55.4 67.5 62.2 52.4 67.2 87.3V- 1974 77.6 99.7 • 120.8 112.5 101.1 110.9 137.9
;* SOURCE: EUROSTAT 2/1974 PRICES OF OIL FUELS
(1) WEIGHTED AVERAGE OF HEATING GAS OIL AND KEROSIN PRICES 
( O  .PRICES DERIVED FROM THE U.N. I N T E R N A T I ON A L T R A D E S T A T I ST I C S YEARBOOK
r OIL PRICES IN TH.E DOMESTIC SECTORIN 1963 U.S. DOLLARS PER TON
ITALY NETH . FRANCE DENM. F . R . G E R . B/L U.K.
1955 47.0 48.8 55.2 47.1 47.3 44.2 65.4-1956 50.4 47.4 55.1 52.2 50.8 43.0 61 .01957 51 .5 50.9 60.5 74.7 66.1 47.3 67.91958 42.1 43.6 53.3 64.9 47.1 45.6 59.21959 39 .6 38.8 51 .8 62,8 45.4 49.1 61 .81960 38.0 33.4 49.0 46.8 38.9 51 .2 58.51961 35.3 31 .9 49.4 45.8 36.7 51 „ 2, 60.7
> 1962 35.0 30.7 46.1 42.0 38.6 47.9 60.31963 33.7 30.8 44.1 40.1 38.2 48.3 6 0.4l f ?* 1964 31.3 26.4 41.4 37.8 51 .2 43.5 57.9
) * ' ' 1965 29.1 20.8 36.6 32.8 28.5 43.9 5 4.21966 28.5 23.9 34.0 31 .2 25.5 39.3 53.91967 28.1 26.8 35.4 30.6 .28.6 43.3 53,8
t. . • 1968 27.3 28.5 36.2 31 .2 32.7 43.8 53.9
I'* 1969 26.3 24.0 37.8 29.2 27.0 38.7 50.41970 25.3 • 25.9 39.5 29.7 27.7 38.6 46.9j. ■ 1971 26.6 29.6 49.1 36.1 31 .6 42.9 51.1! •; 1972 24.1 23.8 39.9 3i. 7, 25.0 36.8 49, 71973 26.6 31.2 39.9 34.9' 0 37.0 44.1 50.51974 41 .5 51.3 63.0 54.7 66.9 65.1 68.5
COAL PRICES IN THE DOMESTIC SECTOR 163I N CURRENT U.S. DOLLARS
ANTHRACITE ORDINARY ANTHRACITE ANTHRACITE ORDINARY COALOVOIDS OVOIDS OVOIDS OVOI DS OVOIDS1348KG 1464KG 1360KG 1333KG 1464KG 1333KGMI LANO ROTTERDAM PARIS DENMARK d u s e l d o r f BRUXELLS U.K.
195 5 51.4 35.8 38.5 51 .1 (1) 35.5 4 4.4 24.2(2)1956 53.2 38.9 39.2 58.7 35.7 44.7 25.24957 56.3 41 .7 40.0 57.4 39.9 49.5 26.1<1958 58.0 44.1 44.2 52.5 41 .9 50.8 28.01959 56.2 44.1 50.6 47.3 42.3 48.3 28.31960 51 .9 43.5 54.0 45.5 42.3 47.6 30.11961 54.2 43.4 54.9 45.1 42.6 46.6 3 2.3196? 54.8 43.4 55.2 45.3 43.8 47.9 35.01963 59.2 46.0 55.1 46.2 45.6 48.6 37.41964 61.3 53.2 58.9 46.0 50.8 56.0 33.41965 61 .5 53.2 60.2 46.5 51 .2 56.0 40.3►19 66 58.5 54.2 61 .6 44.7 51.7 56.0 43.91967 57.9 54.8 63.5 43.0 52.5 55.5 46 .7196 8 57.4 56.4 63.6 41 .9 54.7 57.4 47.7^969 59.6 59.2 67.5 43.4 57.0 62.4 51 .9
1970 54.1 63.2 71 .7 45.2 62.6 69.9 58.31971 79.4* 76. 7* 84.0* 47.9 70.6 74.4* 65.4.972 79.6* 78.5* 92.1* 45.7 73.2 82.0* 74.0(973 86.0* 82.1* . 99.5* 49.4 76.9 83.0* 74.3i 9 7 4 161.3* 151.3* 186.0* 92.4 95.8 9 7.8* 85.1
SOURCE: EUROSTAT 1-2/1973 PRIX DU CHARBON
<*> PRICES DERIVED FROM THE U.N. INTERNATIONAL TRADE STATISTICS YEARBOOK 
AND FROM SHELL INFORMATION AND ANALYSIS DIVISION
(1) THE SAME AS IN THF. INDUSTRIAL SECTOR WITH THE ADDITION OF AN ARBITRARY 
CONSTANT 18 TO ALL FIGURESCTO BRING THE PRICE LEVEL IN PARALLEL TO THE REST
(2) DERIVED FROM THE U.K. ENERGY STATISTICS BY DIVIDING CONSUMERS EXPENDITURE 
ON COAL BY THE TOTAL DOMESTIC CONSUMPTION OF COAL
COAL PRICES IN THE DOMESTIC SECTOR 
IN 1963 U.S. DOLLARS PER APPROX 1.4 TONS
ITALY NETH . FRANCE DENM . F.R.GER, B/L • U.K.
1955 64.7 44.6 58.5 67.8 42.6 50.9 30.41956 64.8 46.8 57.3 73.7 42.2 49,1 30.1
1957 67.6 47.8 57.4 69. 5 45.9 53.6 30.21958 68.6 50.5 55.0 63.6 47.6 54.3 31 .41959 66 . 4 48.9 59.2 56.2 47.4 51 .4 31 .7, 1 9 6 0 59.5 47.5 61 .2 53.2 46.7 30,2 33.3"> 961 60.4 46.7 60.5 51 .0 45.3 48.4 34.71962 58.5 45.3 57.4 48.1 4 4.9 49.2 35,5
1963 59,2 46. 0 55.1 46.2 45.6 48.6 37.4
1964 57.6 51 .1 56.7 44.9 49.6 ' 53.9 37.4
1965 55.2 47.8 56.5 44.0 A8. 3 52.0 37.31966 51 ,9 45 . 8 56 . 4 39.6 47.2 49 ,6 39.1
1967 49 .6 45. 3 56,8 35.3 47.4 48.1 40.61968 48,2 45.0 54.3 31 .8 48.4 48,7 39.7
1969 48.9 43.8 54.0 31 .9 49.4 50.7 40.9
19/0 50.0 44.9 54.5 31 .2 52.6 54.5 43.2
1971 59.0 50. 4 60.8 31 .2 56.5 55,8 4 4 . 419? 2 55.9 48.0 58.3 27.9 55.4 58.2 46.81973 5 4.5 46. 3 58.8 27.7 54.3 54.4 42.9
1974 86.2 77.8 97.0 4 4.9 63.4 57.4 42.3
OIL PRICES IN THE INDUSTRIAL SECTOR 
IN CURRENT U.S. DOLLARS PER TON 164
HFO HFO HFO HFO HFO EHFO HFO. C .DENSO STOOKOLIE 
3 5 0 0*
NO 2
MILANO ROTTERDAM PARIS KOPENHAGEN DUSELDORF BRUXELLES U. K
31 .7 15.6* 20.0 24.9* 28.9 17.9 25.231 .7 15.6* 20.6 24.9* 28.9 18.1 30.532.8 22.2* 22.4 41 .1* 36.2 22.3 31 .626.1 18.9* 26.5 34.9* 23.9 17.6 26.624.5 16.9* 25.7 34.4* 2 4.1 18.3 24.324.2 15.8 25.7 23.4 15.8 19.9 23.222.1 15.0 25.3 23.7 21 .1 20.2 21 .323.6 16.4 24.1 24.0 21 .9 20.1 23.822.7 16.9 23.3 25.8 22,6 19.7 22.421 .1 16.1 22.8 21.8 20.6 17.6 21 .020.2 15.0 21 .6 19.0 19.1 17.2 19.622.1 16.9 20.6 18.8 19.6 18.0 20.723.2 18.1 18.6 22.7 21 .4 18.9 24.023.1 16.7 18.6 25.0 19.9 18.9 26.321.4 16.1 16.5 24.2 19.1 16.3 26.022.8 21 .7 22.0 25.3 22.1 22.9 26.025.6 26.1 34.3 31 .3 30.4 27.4 38.923.2 19.2 27.5 28.6 23.9 19.3 37.227.4 21 .3 28.0 30.6 23.6 23.4 35.073.9 45.6 53.7 68.1 45.9 45.4 66.1
1973
1974
SOURCE: EUROSTAT 2/1974 PRICES OF Oil FUELS 
<*> PRICES DERIVED FROM THE U.N. INTERNATIONAL
(1) PRICES FROM U.K. ENER6Y STATISTICS FUELS TRADE STATISTICS YEARBOOK USED BY INDUSTRY
OIL PRICES IN THE INDUSTRIAL SECTOR 
IN 1963 U.S. DOLLARS PER TON
ITALY NETH . FRANCE DENM. F , R.GER. BELG . U.K.
1955 34.1 16.4 28.7 27.7 30.8 18.8 26.6
1956 33.3 16.0 28.1 26.9 30.5 18.5 31.3
1957 34.0 22.2 29 . 0 44.5 37.4 22.0 32.4
1958 27.8 19.1 31 .3 38.3 25.0 18.5 29.2
1959 26.7 16.9 28.6 37.8 25.2 19.2 - 26.3
1960 26.4 16.2 28.2 25.7 16.1 20.6 25,1
1961 24.1 15.6 26.7 25.3 21 .6 20.9 22.8
1962 24.8 16.8 24.7 24.9 22.1 20.8 24.7
1963 22.7 16.9 2 3.3 25.8 22,6 19.7 * 22.4
1964 20.4 15.3 22.2 21 .3 20.6 16.8 20.2
1965 19,1 13.6 20.8 18.1 18.7 16.2 18.9
1966 20.6 14.7 19.6 17.3 19.0 16.6 19.1
1967 21.7 15.8 17.7 19.9 20:6 17.6 21.8
1968 21 .6 14.5 17.5 21 .9 20.6 17.6 22..81969 19.3 13.9 14.3 20.8 19.3 14.4 21 ,8
1970 19.2 17.6 17.4 20.0 21 .0 19.5 20.31971 20.9 20.9 26.6 23.8 27.5 23.5 27. 8
1972 18.0 15.0 19.9 20.7 21 .0 15.8 25.2
19 73 18.3 14.6 17.8 19.2 19.2 17.1 22*21974 35.1 27.6 27.7 3 5.2' s <>32.3 28.4 . 33.9
d  >
COAL PRICES IN THE INDUSTRIAL SECTOR
IN CURRENT U.S. DOLLARS
COKE
1421UQ. 
M I LANO
S.COAL 
SMALLS 
1386 l<$, 
R O T T E R D A M
S.COAL COAL#COKE 
1/2 GRAS BRIQUETTES 
1 39 3 ka. 1 40 7 ka 
PARTS 0 DFNMAPK
S.COAL 
3/4NUTS 
1386 kq. 
DUSELDORF
COKE
BELGIAN
1427kg.
BRUXFLLES
COAL
1386 kgt 
U.K. 0
1955 33.1* 20.7* 18.2 33.1 (1) 22.7 25.4 15.9(2)1956 34.6* 22.2* 18.5 40.7 23.2 25.6 18.21957 37.3* 23.6* 20.4 39.4 24.6 29.8 19.419 5 8 38.7* 24. 5* 22.8 34.5 26.5 29 .9 20.61959 37.3* 23.9* 25.8 29.3 26.7 27.1 20.61960 34.0 23.5* 25.6 27.5 25.8 26.2 20.91961 32.8 24.1* 25.8 27.1 25.5 25.4 21 .71962 33.9 23.8* 25.9 27.3 25.7 25.0 22.51963 32.1 24.6* 26.8 28.2 25.9 24.7 22. 51964 35.1 28.8* • 27.7 28.0 26.6 24.8 22. 51965 36.2 29.1 27.9 28.5 27.6 24.8 22.51966 36.6 29.8 28.2 26.7 27.6 25.0 22.91967 37.0 29.8 28.0 25.0 27.8 25.3 22.11968 37.3 30.0 27.9 23.9 29.4 25.3 21 .31969 37.3 29.8 29.3 25.4 29.6 27.5 21 ,71970 37.3 29.8 40.3 27.2 34.5 30.8 26.01971 46.2* 36.2* 47.2* 29.9 38.4* 32.8* 31 .01972 46.3* 37.0* 51 .8* 27.7 41.2* 36.2* 33.31973 50.0* 38.7* 56.0* 29.9 42.7* 36,6* 3 4.91974 93.8* 71 .3* 105.0* 56.1 51 .9* 47.4* 38.0^
s o u r c e  : EUROSTAT 1-2/1973 PRIX DU CHARBON
<*> PRICES DERIVED FROM THE U.N. INTERNATIONAL TRADE STATISTICS YEARBOOK 
<1> AS ABOVE WITH THE ADDITION OF AN ARBITRARY CONSTANTdO) IN ORDER 
TO ALLOW FOR DISTRIBUTION AND TAXATION COST
(2)PR ICES FROM THE U.K. ENERGY STATISTICS
COAL PRICES IN THF INDUSTRIAL SECTOR
IN 1963 U.S. DOLLARS PER 1.4 TONS APPRO*.
ITALY NETH . FRANCE D E NM F.R.GER. B/L U.K.
1955 35.6 21 .8 26.1 36.8 24.2 l?6. 7 16.81956 36.3 22.8 25.2 44.0 24.5 26.2 18.71957 38.7 23.6 26. 4 42.6 25.4 29.4 19.91958 41 .2 24.8 26.9 37.9 27.7 31 .4 22.619 59 40.7 23.9 28.7 32.2 27.9 28.4 22.31960 37.1 24.1 28.1 30.2 26.4 27.2 22.61961 35.8 25.0 27.2 28.9 26,0 26.3 23.21962 35,6 24.4 26.6 24.4 26.0 25.9 23.41963 32.1 24.6 26.8 28.2 25,9 24 .7 22.51964 33.9 27.5 27.0 27.3 26,6 23.7 21 .71965 34.2 26.5 26:9 27.1 27,0 23.4 21 .71966 34.2 26.0 26.8 24.5 26.7 23.1 21 .31967 34.5 26.0 26.6 22.7 26.9 23.6 20.01968 34.8 26.1 26.2 21 .0 30.4 23.6 18.51969 33.7 25.7 25.4 21 .8 29,9 2 4.4 18,21970 31 .3 24.1 31 .8 21 .5 32.8 26.2 20.31971 37.7 29.0 36.6 22.7 34,8 28.2 22.21972 36.0 28.8 37.5 20.1 36.2 29.6 22.61973 33.3 26.6 3 5.7 18.7 34.7 26.8 22,119 7 4 44.5 - 43.1 54.2 29.0 36,5 29.6 19.5
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NATURAL GAS PRICES IN U.S. DOLLARS
L*
f
C U R R E N T  P R I C E S
?'.5 G C A L  ?*,76 G O A L  1 0 . 2 5  G C A L
i n d u s t r y
I T A L Y
I N D U S T R Y  D O M E S T I C
n e t h . n e t n .
I N D U S T R Y
I T A L Y
i n d u s t r y
N E T H .
D O M E S T I C  
N 6 T H .
1 9 5 5 2 0 . 8
v
2 2 , 4
1 9  5 6 2 2 . 1 2 3 . 4
1 9 5 7 2 4 . 0 2 4 , 9 ’
1 9 5 3 1 9 . 6 2 0 , 9 -
1 9  59* . 1 8 . 8 2 0 , 5
1 9 6 0 1 7 . 8 19'. 4
1 9 6 1 1 7 . 4 1 9 ’, 0
1 9  6 2 1 8 . 5 1 9 . 4
1 9 6 ? 1 8 , 1 1 8 . 1
1 9 6 4 2 0 . 1 1 9 , 4
1 9 6 5 2 0 . 1 1 8 , 9 *
1 9 6 6 21 .8 1 4 . 3 2 3 . 1 2 0 . 4 1 2 . 5 19*. 5
1 9 6 ? 21 .8 1 7 . 1 2 3 . 1 2 0 . 4 1 4 . 9 19'. 1
1 9 6 8 21 .8 1 6 . 3 2 4 . 2 2 0 , 4 1 4 . 2 19', 3
1 969' 21 .8 1 4 . 9 2 4 . 0 1 9 *. 7 1 2 . 8 1 7 . 8
1 9 7 0 21 .8 1 7 . 1 2 4 . 0 1 8 , 3 1 3 , 8 1 7 , 0
1 9 7 1 2 2 . 9 1 9 . 2 2 4 . 0 1 8 , 6 1 2 . 6 1 9 ’, 2
1 9  7 ? 2 3 . 7 1 7 . 6 2 4 . 0 1 8 . 4  • 1 0 . 8 1 8 , 7
1 9 7 ? 2 4 , 6 21 .2 2 4 . 0 1 5 , 6 1 1 . 9 1 6 . 3
1 9  7 4 2 5 . 2 2 3 . 4 2 8 . 8 1 3 , 5 1 2 , 0 1 7 . 4
S O U R C E  i E U R O S T A T 2 / 1 9 7 4 P R I C E S  O F  F U E L  Q U S
1963 PRICES
5 G C A L  3*.76 G C A L  10.-2 5 G C A L
N A T U R A L  G A S  P R I C E S  I N  T H E  U . K .
tn.
DOMESTIC 
10.25 GCAL 
CURRENT U.
INDUSTRIAL 
9.76 GCAL 
S. DOLLARS
DOMESTIC INDUSTRIAL 
' 10.25 GCAL 9.76 GCAL 
1963 U.S. DOLLARS
1955
1956
1957 
19 58
1959
1960
1961
1962
1963
1964
1965
-
1966 117.1 72. 4 104.4 67.2
19 67 117.1 71 .9 101 ,9 65.2
1968 126.2 72.3 104.9 62.7
1969 127.9 63.4 100.7 53,2
1970 127.9 49.0 94.7 38.2
1971 147.1 35.4 99.9 25,3
1972 154.4 32.1 9 7,7 21 .8
1973 154.4 33,3 89.2 21 .1
1974 162.9 32.2 80.9 16.5
S O o R C ' f c  +  O X .  D l C v E S T  o f  e n & r g y  s t a t i s t i c s
MOTOR GASOLINE AVERAGE PRICES OF PREMIER GRADE 
IN LOCAL CURRENCIES / GALLON 
PRICES IN THE HIGHEST ZONES (LONDON FOR UK)
(1) (2) (3) (2) (4) < 4) (5) (5)
KEROSINEITALY NETH. FRANCE DENM. F.R.GER. B/l U.K. U.K.
955 627.9 1 .843 3.158 4.368 3.049 30.89 22.61 7.39956 627.9 1 .9 38 3.180 4.368 3.051 31.11 23.46 7.53957 691 .1 2.280 3.79 0 4.805 3.160 32.20 25.82 8.33958 595.8* 2.225 4.596 4.368 2.867 32.94 24.46 7.61959 513.6* 2.225 4.823 4.368 2.867 36.99 23.54 7.9 2960 500.5 2.257 4.869 4.368 2.730 36.86 23.32 7.92961 482 .3 2.243 4. 869 4.523* 2.980 36.40 23.66 8.74962 482.3 2.270 4.869 4.683* 2.980 36.31 24.38 9.19963 482.3 2.270 4.869 4.849* 2.980 36.99 24.04 9.3596 4 546 .0 2. 434 4.869 5.021* 2.980 36.40 24.18 9.38965 546.0 2.434 4.823 5.142 2.980 37.31 26.01 9.38966 591 .5 2.584 4.823 5.187 2.980 41.91 26.76 9.40967 591.5 2.803 4.869 5.870 3.089 41 .27 27.65 9.87968 591 .5 2.753 4.914 5.915 3.012 41 . 50 29.91 10.30969 • 637.0 2.839 5. 369 6.143 2.725 41 .68 37.81 10.2097 0 737.1 2.967 5.460 6.370 2.725 41 .86 38.71 10.33971 737.1 3.076 5.642 6.507 3 .11 2 44.18 40.66 11 .85972 737.1 3.226 5.642 6.825 3.317 48.18 41 .29 12.33973 761 .7 3.622 5.870 7.098 3.394 50.74 43.89 13.55974 1208.3 4.363 8.190 9.671 4.277 60.65 54.07 22.43
*) FIGURES OBTAIND BY INTERPOLATION
1) ENI STATISTICAL SUMMARY 1955-1974
2) PETROLEUM TIMES AND ENI
3) PETROLE 19 74#(COMITF PROFESS IONAL DU PETROLE)
4) PETROLEUM TIMES
5) SHELL INTERNATIONAL INFORMATION AND ANALYSIS DIVISION
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ITALY NETH.
1955 378.9 191.3
19 56 366.9 194.31957 398. 0 217.61958 337.8 212,41959 291 .3 205.8
1960 275 .3 205 .61961 258.0 201.0
1962 247.2 197.51963 231 .4 1 8Q . 21964 246.1 194.61965 234.9 182.21966 251 .5 182.0
1967 243.1 192.9
1968 238.0 182.91969 250.9 1 75. 01970 275 .8 175,61971 262.7 168. 51972 248.5 164.5
1973 231 .7 170.01974 309 .6 187.0
MOTOR GASOLINE AVERAGE ANNUAL PRICES 
1963 U.S.DOLLARS PER TON
FRANCE
293.8 
284.5 
33?. 
350. 
345. 
33 7. 
328. 
310.1 
298.0
286.8
276.9 
270 
266 
256 
262
253.9
249.9 
218.7 
212.3 
.261 .3
.~
' . . ‘ *
DENM. F.R.GER, B/L U.K.
251 .5 276.2 212.8 238.0237,9 272.5 205.8 235.0252.5 274.5 21 0.1 250.5229 .5 245.6 211 .9 230.2 +225.4 242.3 234 .7 221 .4221.8 227.6 " 233.8 216 . 2  /222 .1 239.3 227.8 213.0215.8 230,4" 224.4 207.5 ;r-1210.5 224.9 222.7 201 .7211 .9 219.6 211 .1 197.6 +++211 .0 212.2 208.5 201 .9199.3 205.4 223.9 200.2^+1!209.4 210.6 215.3 201.9194.7 201 .0 212.1 208.61+1+195.8 178.1 204. 0 249.8190.8 172.9 : 196.6 240. 4 1183.9 187.9 199.5 231 .6180.9 189.5 205, 7 219.2...172.8 180.8 200.3 212.9204.0 ... 213.5 214.3 „ _ .225.311++
MOTOR GASOLINSAVERAGE ANNUAL PRICES 
CURRENT U.S.DOLLARS PER TON
I TALY NETH . FRANCE DENM. F.R.GER. B/L U.Kft
1955 301 .2 153.6 193.3 189.6 230.1 186.0 189.71956 301 .2 161 . 5 19 4.6 189.6 230.3 4 187.3 196.911“1957 331 .5 19 0.0 231 .9 208.6 238.5 193.9 216.71958 285.8 185.4 281. 3‘ 189.6 216.4 19 8.3 20 5.31959 246. 4 185.4 295 .2 189.6 216.4 222.7 197.51960 240 .1 188.1 298.0 189.6 " 206.0 221 .9 195.7 11961 231 . 4 186.9 298.0 '196.3 224.9 219.1 198.5196? 231 .4 189.2 298.0 203.3 224.9 213.6 204.6 ' : ’1963 231 .4 1 89 . ? 298.0 210.5 224.9 222.7 201 .7196 4 261 .9 202.8 298. 0 218.0 224.9 219.1 202,9
1965 261 .9 202.8 295.2 223.2 224.9 224.6 218.31966 283.7 215.3 295.2 225.2 224.9 252.3 224.61967 283.7 233.6 298. 0 254.8 233.1 248.5 232.01968 283.7 229 . 4 300 .7 256.8 227.3 249.8 251 .01969 305.6 236.6 328.6 266.7 205.7 250.9 317.31970 353.6 24-7.2 334.1 - 276.5 20 5.7 252.0 32 4.8 :':1971 353. 6 256.3 345 .3 282.5 234.9 266.0 341 .2197? 353 .6 268. 8 345.3 296.3 250.3 290 .1 346.51973 365.4 301 .8 359 .2 308.1 2 56.2 305. 5 368.31974 579.6 363.6 5 0 1 . 2 1 419.8 322.8 365 .1 4 53.7
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CONSUMERS PRICE INDEX
I T A L Y  N E T H .  F R A N C E  D E N M .  F . R . G E R .  B E L .  L U X ,  U . K .
79-5 80.3 65.8 75.4 83.3 87.2 90.1 79*7
82.1 83.1 68.4 79.7 84.5 91.0 90.1 83.8
83.3 87.3 69.7 ... 82.6 86.9 92.3 93.8 86.5
84.6 87.3 80.3 82.6 88.1 93.6 95.1 89.2
84.6 90.1 85.5;.... 84.1 39,3 94.9 95.1. 89^2
87.2 91.5 88.2 85.5 90.5 94.9 95.1 90.5
89.7 93.0 90.8 88.4 94.0 96.2 95.1 93*2
93.6 95.8 96.1 94.2 97.6 97.4 96.3 98^6
100.0 100.0 100.0 100.0 100.0. 100.0 ‘ 100.0 100.0
106.4 104.2 103.9 102.9 102.4 103.8 103 7 102*7
111.5 111.3 106.6 105.8 105.0 107.7 106.2 108il
112.8 118.3 109.2 113.0 109.5 112.8 109.9 112 2
116.7 121.1 111.8 1 2 1.7“ 110.7 115.4 T 112.3 114^9
119.2 125.4- 117.1 131.9 113.1 117.9 114 8 120*3
121.8 135.2 125.0 136,2 115.5 123.1 117.3 127^0
128.2 140.8 .. 131.6 __1 44.9 119.0 128.2 123.5 135.1
1 34.6 1 52. 1 ... 1 38. 2 .. 1 53.6 12 5. 0 133. 3 1 28:4 147^3
142.3 163.4 157.9 163.8 132.1 141.0 135.8 158.1
157.? 177.5 169.2 178.3 141.7 152.5 1 4 4 . 4  173.0
187. 2 194 . 4 191.8 ..  205.8 1 51 .2 170. 4 1 57.9 201 4
S O U R C E  : E U R O S T A T .  B A S  I C . S T A T I S T I C S  0 F T  H e 7 e  . E . C O M  MUN I T  Y • 7
W H O L E S A L E  P R I C E  I N D E X
I T A L Y N E T H  . F R A N C E D E N M . F . R . G E R . . B E L G . U . K .
1955 92.9 95.1 69.6 . 89.9 93.7 95.3 9 4.9
1956 95.2 97.5 73.4 . 9 2.4 9 4 . 7 97.6 9 7,4 I:
1957 96.4 100.0 77.2. 92.4 96.8 101 .2 97.4
1958 9 4.0 98.8 84.8 91.1 95.6 9 5,3 91 .0 ..
1959 91 .7 1 00. 0 89.9 91 .1 95.6 9 5.3 92 . 3
1960 91 .7 97.5 91.1 .91 .1 97.9 96.5 9 2.3 '
1961 91 .7 96.3 9 4.9 93.7 97.9 96.5 93.6
1962 95.2 97.5 97.5 96.2 98.9 96.5 9 6.2
19 63 . 100.0 100.0 10 0.0 100.0 1 00 . 0 100.0 100.0
19 64 103.6 1 04.9 102.5 102.5 100.0 104.7 103.8
1965 106.0 1 09 .9 103.8 105.1 102.1 105.9 103.8
1966 107.1 114.8 105.1 108.9 1 03. 2 108.2 107.7 ,
1967 107.1 1 1 4 . a 105.1 110.1 103.2 107.1 110. 3
1968 107.1 11 A . 8 1 06.3 113.9 96.8 107.1 115.4
1969 110.7 116.0 115.2 116.5 98.9 112.9 119.2
1970 119.0 123.5 126.6 1 26 . 6 1 05 . 3 117.6 12 8.2
1971 1 22.6 124.7 129.1 131 ,6 110.5 116.5 139.7
197? 128.6 128.4 1 38. 0 1 38 . 0 113.7 122.4 147.4
1973 1 50.0 1 45.7 157.0 1 59 . 5 123.2 1 36. 5 1 5 7 . 7
197 4 210.7 16 5.5 193.7 193.7 142.2 160.9 194.9
1955
1956
1957
1958 
19 59
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
SOURCE EUROSTAT BASIC STATISTICS OF THE. E . E . COMMUN I TY
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GDP IMPLICIT DEF LATOR
ITALY NETH . FRANCE ' DENM. F .R.GERM. B / L r
1955 78.84 78.10 64.25 74.75 80.54 86,181956 80.97 81 . 26 67.48 78.30 82.86 89 .10
1957 82.97 85.59 71 .55 79.05 85.79 9 2.131958 83.68 87.08 79.97 80.55 87.00 93.751959 83.39 88.58 85.07 83.72 89.21 . . 94.1019 60 84.72 90.75 87. 08 84.79 89.20 94.58
1961 86.21 92.21 89 .96 89.9 5 ft 93.05" 95.591962 91 .72 95.2? 94.27 95.30 97.14 97.231963 100.00 100.00 100.00 100.00 100.00 ’ 100.00
1964 106.53 108.04 104.01 104.96 102.77 104.821965 110.53 114.55 106.58 111.7* 106.50 109.951966 113.2? 121.21 109.69 119.77 110.52 115.061967 115.98 125.81 112.70 126.82 111.23 ft 118.721968 117.91 130.6? 117.87 133 . 8 8 113.34 121.261969 122.86 138.27 127.46 140.8? 117.43 126.39
1970 131 .10 145.60 134.56 151 .81 125.71 132.291971 139.76 156.97 ^ 141.29 160.26 135.41 ; 139.8519 72 148.05 168.97 149.69 173.25 143.59 148.04
1973 164.24 183.07 160. 05 " 191.28 152.02 159.18
1974 191 .52 199.97 .182.65 218.78 .. .161 .96 ..J 87..51
. .. .ft./, ft;-ft; /ftf t ; / ft .V .ft■' ft/ft/Ift/ft
U.K.
78 ; 39 
83.38 
86.48 
89.87 
90.76 
91 .28 
9 4.32 
97.97 
100.00 
103.31 
108.47 
113.50 
117.06 
121.86 
128.72 
138.08 
150.20 
161.45 
173,88 
194.00
SOURCE U.N. YEARBOOK, OF NATIONAL, .ACCOUNTS'/
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N A T I O N A L  C U R R E N C I E S  P E R  U . S .  D O L L A R
rf
I T A L Y NETH . Fr a n c e 06 nm ;. F . R . G E R . B/L U . K .
1 1955 6 2 4 , 8 5 3 . 8 2 9 3 . 5 0 0 6.  91 4 4 . 2 1 5 49 . 9 6 0 . 3 5 6 7
19 5 6 6 2 4 . 9 7 3 . 8 3 0 3 . 49 9 - 6.9-14 4 . 19 9 - 5 0 . 2 2 0 . 3 5 9 1
*  1 9 5 7 6 2 4 .  89- 3 . 7 9 1 4 . 19 9 - 6,9-14 4 . 2 0 2 5 0 . 0 2 0 . 3 5 6 0
r 1958 6 2 4 , 0 0 3 . 7 7 5 4 . 9 0 5 6.9-0 6 4 . 1 7 8 49 ‘. 84 0 , 3 5 6 9 -
1 9 5 9’ 6 2 4 , 6 0 3 . 7 7 0 4 . 9  0 9- 6 . 9 0 8 4 , 1 7 0 4 9 . 9 4 0 , 3 5 7 2
19 60 6 2 0 . 6 0 3 . 7 7 0 4 . 9  03 6, 9 ' 06 4 . 1 7 1 4 9 . 7 0 0 . 3 5 6 7
1961 6 2 0 . 6 0 3 . 6 0 0 4 . 9 0 0 6 ,  886- 3 . 9 9 6 4 9 . 7 8 0 . 3 5 6 1
f  196? 6 2 0 . 6 0 3 . 6 0 0 4 . 9 0 0 6.9-0? 3 . 9 9 8 4 9 . 7 5  , 0 . 3 S 6 3
!i 1 9 63 6 2 2 . 3 8 3 . 6 0 0 4 . 9 0 2 6 . 9 1 1 3 . 9 7 5 4 9 , 8 3 0 . 3 5 7 5 ]
19 6 4 6 2 4 . 8 0 3 . 5 9  2 4 , 9 0 0 6.9-21 3 . 9 7 ? 4 9 . 6 3 0 . 3 5 3 4
L  1965 6 2 4 . 7 0 3 . 6 1 1 4 . 9 0 2 6 8 ?1 4 . 0 0 6 49' , 6 4 0 . 3568-
m  19 66 6 2 4 . 4 5 3 . 6 1 4 4 . 9 5 2 6.9-16 3 . 9 7 7 5 0 . 0 5 0 . 3 5 8 4 -
f  1967 6 2 3 . 8 6 3 . 5 9 4 4 . 9 0 8 7 . 4 6 2 3.  999- 4 9'. 6 3 0 . 4 1 5 5
r 1965 6 2 3 . 5 0 3 . 6 0 6 4 , 9  48 7 . 5 0 1 4 . 0 0 0 5 0 . 1 4 0 , 4 1  9-4
f 1 9 6 9* 6 2 5 . 5 0 3 . 6 2 4 5 . 5 5 8 7 . 4 ? - ? 3 . 6 9  0 49' , 6 7 0 . 4 1 6 6 -
i 19 70 6 2 3 . 2 0 3 . 5 9 7 S . 520 7.  489- 3 . 6 4 8 4 9 . 6 8 0 . 4 1 7 8
1971 5 9 4 . 0 0 3 . 2 5 4 5 . 2 2 4 7 . 0 6 ? 3 . 2 6 8 4 4 . 7  6 0.  391 8
S O U R C E *  U . N . • S T A T I S T I C A L  Y E A R B O O K
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CONSUMPTION OF SOLID FUELS IN 1000 M.T. C. E *ITALY NETH. FRANCE DENM. F.R.GER. 8/ L U.K.
1955 11520 1 7720 68520 6770 155790 31390 21951019 56 1 2030 18360 77640 6240 162410 32250 2170001957 1 2450 17770 79700 51 40 173210 31 530 2112901958 1 0330 1 5970 73100 5400 158690 26780 2003701959 9710 1 5090 691 30 5030 151130 27840 1863501960 11420 1 5820 69010 5690 160250 2843.0 1966901961 11480 15310 68930 5346 154873 28515 1940381962 1 2578 16373 71463 5967 157702 29734 1913421963 1 2659 17247 73039 6093 163741 30789 1966961964 11421 1 5597 73178 5483 158376 28577 1892261965 11772 1 3582 67203 5114 147060 27520 1854731966 12015 12244 62749 5329 137045 25076 1770091967 1 3892 11820 62249 4717 127383 2 4601 1629361968 1 2003 10919 59633 4752 130118 25396 1608581969 1 2804 9508 59 248 4014 134490 24759 1588221970 12678 71 54 55749 3666 131444 23351 1522551971 11975 5093 5 0 370 2246 122142 1941 1 1442971972 11136 4193 44091 2103 117847 19795 121500
CONSUMPTION OF LIQUID FUELS IN 1000 M.T . C . E ?ITALY NETH. FRANCE DENM. F.R.GER. 8/ L U.K.
1955 14490 7590 21620 4330 11 290 6030 348201956 17420 9240 25080 5100 1 4680 6 79 0 35270
1957 21250 9980 27080 5340 19600 7660 35500
1958 21530 111 00 29440 6030 24680 84 00 43880
1959 24610 1519 0 30210 6240 31440 8350 52650
1960 30340 14590 32870 7250 40110 8970 61020
1961 34769 14639 36858 • 8287 46483 1 0757 65505
1962 4381 2 18010 40449 9553 60690 1 2323 71997
1963 50692 20624 50480 11188 70571 1 4091 76768
1964 57736 23785 57916 12729 82757 16123 85056
1965 64324 26393 644 77 14142 96403 1 846 5 902331966 73505 27995 69178 1 5885 108702 19972 97809
1967 81382 27552 29872 1 5770 112573 2 0721 1016961968 87390 28502 87321 21538 125330 24648 114273
1969 93856 31184 9 8 4 5 3 21 497 140620 25131 115202
19 70 107447 51574 115445 2561 2 160095 29 617 127817
1971 108447 27333 127708 2441 8 165383 33080 135046
19 72 114071 27301 142454 25972 173401 36 2 67 139484
SOURCE : WORLD ENERGY SUPPLIES (U.N. SERIES J) 
* MeWic Vov\s ccc\C e.<^ uivci(Le.v\1r*»
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E N E . R G - Y  C o N S O M P T t Q M  I N M I L .  T O W S  O I U  E Q U t V .
1960
1961
1962 
196.3
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
ITALY
10.18 
10.65 
11 .61
12.92 
13.42 
14.26 
15.22 
17.91 
19.40 
22.04 
25.49 
28.15 
30.48 
31 .65 
31 .93
NETH, FRANCE DENM. F.R.GER. B/L U.K.
DOMESTIC SECTOR
6.51 20.34 3.71 34.54 6.66 48.926.86 20.96 3.75 36.29 7.12 47.088.25 24.50 4.4 5 43.21 8.47 50.329.71 28.67 4.94 49.9 4 9.95 52.549.32 27.70 5.54 47.39 8.99 48.769.76 28.29 6.27 49.02 9.49 50.459.97 27.81 6.36 50.34 9.45 50.2610.19 30.22 6.89 51.11 9.83 49.7311.96 32.68 7.30 55.07 11 .01 51 .3513.99 34.07 8.48 62.61 11 .25 52.8615.50 36.62 8.57 67.13 12.24 53.1516.72 41 .38 8.08 6 6 . 5 7 11 .57 51.2819.40 45.54 8.27 70.41 12.69 52.1820.13 50.93 8.33 74.29 13.12 53.8518.51 47.36 7.29 65.77 12.13 53.19
INDUSTRIAL SECTOR
1960 17.29 5.68 29.12 1 .91 48.531961 18.45 5.72 30.09 2.40 48.451962 20.35 6.19 31 .56 2.68 49.971963 23.25 6.75 33.84 2.78 51 .201964 24.09 7.22 36.22 2.34 55.431965 26.25 7.70 37.76 2.48 56.601966 28.83 7.94 38.32 2.96 55.771967 29.53 8.68 39.96 2.47 56.0219 68 33.35 9.91 42.76 2.67 60.171969 35.83 10.86 46. 06 2.83 64.161970 38.85 11 .88 49.83 • 3.43 67.691971 37.01 11 .45 46.69 3.28 66. 321972 40.15 13.54 46.27 3.61 68.681973 43.15 14.47 48.94 3.29 75.521974 43.66 15.40 49,56 2.66 77.05
TRANSPORTATION SECTOR
1960 6.78 2.81 11.64 • 1 .30 15.841961 7.70 3.01 12.30 1 .43 17.0?1962 8.75 3.30 13.04 1 .50 18.171963 10.06 3. 59 •' 14.15 1 .66 19.151964 10.97 3,91 15.10 1 .95 20.211 9 65 11 .70 4.22 15.70 2.08 20.6519 66 12.51 4.49 16.47 2.27 22.031967 13.43 4.89 17,47 2.40 22.001968 14.73 5.23 18.49 2.73 23.401969 15.77 5.64 19.88 2.99 25.211970 16.79 6.24 21.25 3.13 27.881971 17.53 6.60 22.63 3.2 4 32.881972 18.50 7.07 24.80 3.23 31 .6119 73 19.52 7.4 5 27.04 3.53 32. 881974 18.79 6.98 26 .66 3.20 31 .61
10.98 
10.95 
11.55 
11 .55 
12.29
12.89 
12.75
13.27
14.89 
16.80
17.27 
16.94 
18.23
19.27 
19.91
2.73
2.83
2.9 4 
2.95
3.09 
3.3 5 
3.19 
3.49 
3.94
4.10 
4.58 
4.76 
5.12 
5,34 
4.97
48.28
48.14 
47.80 
48.72 
51 .20 
52.83 
52.54 
51 .79 
53.30 
54.89 
56.17
54.61 
54.95
58.15
53.62
21
21
21
11
83
5921 .83 
22.37 
22.60 
23.00 
23.78 
24.76 
25.57 
26.81 
27.87 
28.95 
30.84 
29.73
SOURCE: OECD# ENERGY BALANCES FOR THE OECD COUNTRIES 1960/1974
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TOTAL INTERNAL .FINAL CONSUMPTION OF LIQUID FUELS IN 1000 M.T 
(LIQUIFIED GASSES+AVIATION FUEL+MOTORGASOLIN+JET FUEL+KEROSENE +
+ GAS AND FUEL OIL FOR BURNING AND DIESEL)
ITALY N E T H . FRANCE DENM. F.R.GER. B/L U.K.
1955 8111 3744 1 3544 2319 8360 3 5 74 1 80 581956 9255 4585 1 4913 2965 1 0894 4285 1968319 57 99 27 4865 14797 2897 1 2352 4253 1913119 5 8 11363 5539 17076 3394 1 59 49 4948 223761959 1 3050 6190 17896 3701 19 392 5350 249241960 16377 7175 20179 4257 24320 59 0 4 286731961 18175 8043 22013 4876 30111 6390. 31 234196? 21905 9412 25692 5745 37686 7690 346051963 25728 10811 30405 6504 44476 8419 3837619 64 28488 11952 34112 7163 50579 9692 41 7471965 31616 13*30 38778 8367 57708 11533 4 55961960 35075 13960 42179 9284 63574 11630 481 881967 38060 1 4427 47888 9 59 3 65874 1 3028 51 3771968 42173 15419 53722 1 0624 72726 1 4554 5411319 69 46841 1 5836 59300 12166 8 2206 1 5625 5729219 70 53851 1 6804 66623 13304 92845 17487 63 4121971 54250 1 5 493 71 574 1 2897 96902 17237 64 084197? 60896 16243 77011 1 3453 102861 1 8484 664841973 63395 16427 83991 1 3221 ' 108900 19077 . 6882919 74 63609 1 3486 78778 11179 96978 1 6551 62798
SOURCE : OFCD STATISTICS OF ENERGY ' - • ..r •"' —■-------- ; . ... •- .■
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DOMESTIC SECTOR
GAS AND FUEL CONSUMPTION FOR .BURNING AND FOR DIESEL IN 1000 M.T.
ITALY NETH. FRANCE:• DENM. F.R.GER. B/L U.K.*
1955 1715 466 1998 258 1172 643 2352 .19 56 1962 610 2380 562 2025 825 2 7121957 2068 628 2260 523 2690 833 266719 58 2405 787 2871 757 4072 1017 342619 59 2773 938 3216 888 5191 1122 495619 60 319 5 1231 4019 1179 6767 1244 45361961 . 3367 1 545 4463 1250 9105 1402 4725196? 3900 2076 6107 1767 ‘ 12874 2013 584019 6 3 4505 . 2598 7261 21 44 1 5840 2276 6 710 \1964 5165 3097 8315 2983 17618 3022 70771965 6330 3771 1 0025 3929 21073 3611 74 501966 6982 4035 1 0860 4297 2381 5 3976 76981967 9099 4094 1 3325 5035 24933 4421 84 091968 10465 4806 .1 5421 5665 2861 4 5254 93061969 1 2365 4857 17187 6824 35058 5807 101021970 15317 5621 19526 7046 39995 6760 1 09911971 1729 5 5261 25028 66 78 • 41897 6770 11104197? 19 0 5 0 53 5 7 29207 6838 4 4 323 7631 117761973 19055 5522 32774. 6868 47291 791 0 1 2 1 8 81974 1 8645 3944 28773 5979 38129 6472 1 0719
SOURCE : OECD STATISTICS OF ENERGY 
(*) CONSUMPTION OF KEROSENE 
IS INCLUDED IN U.K.
176
INDUSTRIAL SECTOR 
GAS AND FUEL CONSUMPTION FOR BURNING IN 1000 M.T.
ITALY NETH. FRANCE DENM. F.R.GER. B/L U.K.
1955 3132 1406 4240 1041 1550 1281 51411956 3682 1753 4605 1273 2437 1651 59221957 3960 1912 4565 1200 2743 1522 60 411958 4333 2136 5533 1354 389 4 1841 737319 59 5113 2346 5704 1414 5061 2 019 85521960 6983 2759 6383 1538 71 77 2430 1 04761961 7514 3076 6840 1874 8935 2544 113311962 9477 3491 7944 2103 11302 3029 1 27 491963 11296 3931 1 0283 2288 13819 3400 146221964 12218 4246 11812 1837 16154 3701 161531965 1 3274 4651 13730 1936 18337 • 4617 183871966 15014 4586 1 5296 23T0 19559 4511 195771967 1 4634 4552 17216 1782 • 19946 49 85 207101968 1 5731 4356 19687 19 25 21220 5259 211441969 16879 4244 22074 2070 22068 5602 225371970 19559 3830 25562 2838 24945 6003 264191971 1707 2623 23499 2731 •24410 5538 257201972 20960 2720 2261 0 3133 26481 5540 26027197 3 21903 2425 23736 2529 28104 5616 259281974 23228 2135 2318-1 1816 26301 4930 22605
SOURCE : OECD STATISTICS OF ENERGY
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TRANSPORTATION SECTORMOTOR 6AS011N CONSUMPTION! FOR ROAD TRANSPORT IN 1000 M.T
• I TALY NETH. FRANCE DENM. F.R.GER. B / L U.K.
19 55 1283 870 3776 518 2652 9 77 58601956 1417 960 4010 512 3064 1031 59561957 1546 960 3873 500 3402 1036 53861958 1749 1016 .4326 540 3995 11 21 62741959 2004 1090 4588 600 4639 1140 67791960 2520 1193 4955 662 5361 1129 72831961 3105 1290 5 464 726 6169 1216 78041962 3782 1410 591 4 791 7132 1263 82191963 4566 1530 6547 871 7965 1313 87171964 5310 1770 72 66 962 9127 1465 96971965 582 2. 1955 7945 991 10147 1631 1 04341966 6424 2153 8683 1079 11360 1607 110341967 7063 2355 9497 11 54 11982 1766 122781968 7824 2600 1 0325 1273 1 2987 1942 130121969 8 44 4 2730 10981 1400 1 4352 2111 134411970 9093 3000 11915 1417 1 5740 2297 1 42341971 9492 3200 13020 1473 17470 241 5 1 49631972 10281 3380 1 4242 1499 18433 2640 1 58981973 11016 3515 15517 1533 18790 2713 169261974 10216 3162 14936 1410 18320 2659 16483
SOURCE : OECD STATISTICS OF ENERGY
% CONSUMPTION OF SOLID FUELS IN THE INDUSTRIAL AND DOMESTIC
ITALY 
I D
NETH. 
I. D
FRANCE 
I D
DENM.
. I D i
* 
CO 
I
C£LUm •*< 8/1 I D
u,
I
K.
D
1955 48 26 24 60 44 4 0 24 .6? 36 3 4 44 4 2 3 3 44
195 6 51 30 23 63 43 42 17 69* 35 36 44 44 33 4419 57 56 30 24 60 42 43 24 61 35 37 44 46 33 44
1958 51 30 23 63 44 41 19 6 9* 35 36 43 45 31 461959' 50 3 2 25 61 4 5 40 15 73 37 35 45 45 31 47
1960 45 40 28 60 47 40 13 7 ?‘ 33 36 47 44 32 4 7
1961 47 40 24 64 48 41 22 71 37 37 46 46 32 47
196? 48 41 22 6 8 45 44 ?1 73 35 41 44 4?! 51 50
1963 48 39 19' 70 40 49 20 75 3.3 38 45 48 3 0 51
1 9 64 46 44 21 6 8 46 45 18 77 3 6 42 47 48 32 51
1965 54 39 22 66 47 44 25 70 38 42 4 6 50 32 52
19 66 5? 37 22 66. 49' 43 36 58 38 42 50 47 34 51196? 56 35 29' ’6$ 49’ 43 38 56 4? 40 52 46 40 47
1968 54 32 34 5 91 50 43 3? 53 3 9' 4 8 5 4 45 43 47'
196?' 63 33 40 5 4 5 2 40 40 5 ?' 48 38 58 41 47 47
1970 70 26 52 43 54 40 39 5 ?’ 43 39' 58 4 0 47 4 8
1971 75 19 6 4 32 54 40 34 45 52 35 63 35 4 6 50
197? 79‘1 6 70 2 7 56 38 36 59' 62- 38 6 5 33 43 53
1973 8? 14 77 22 58 3? 67 32 60 30 69' 30 48 49*
1974 85 12 87 12 61 35 73' 2 ? 6? 29' 72 27 45 51
SOURCE! OECD STATISTICS OF ENERGY
% CONSUMPTION'OF GAS IN INDUSTRY AND DOMESTIC
I T A L Y  
I B
N E T H E R ,  
I D
U.
I
K.
0
1955 70 16 35 34 3 0 47
1956 73 15 33- 34 30 45
19 5? ?:$ 1 4 33 34 31 43
1958 75 15 34 35 33 44
1 959* 77 15 34 35- 35 4 4
I960 76 1 5 36 33 36 42
1961 77 16 35 32 3? 43
19 6? 74 18 35 34 ' 35 46
19 63 72 20 36 34 3 3 48
1964 71 20 4 4 33 33 46
1965 . 69 21 43 35 31 4 9*
19 6 6 72 19* 45 38 29 53
196? 71 20 45 42 2 7 55
1968 71 20 47 45 25 56
196?' 74 19' 41 54 22 56
1 970 72 20 42 5? ?5 55
19 71 69' 24 38 56 31 51
19=72 68 24 4 0 57 ‘ . 42 4 7
1973 66 27 40 55 U 4 6
19 74 63 31 4? 53 40 48
SOURCE! OECD STATISTICS OF ENERGY
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• *  C O N S U M P T I O N  OF THE T HR E E  MA J OR  S E C T OR S  I N  THE L I Q U I D  F UE L  G R O U P U )
I T A L Y  N E T H .  F RA N CE  D ENM.  F . R . G E R .  B / L  U . K .
T I  0 T I  D T I  D T I D  T I  D T I D  T I D
1955 1 6 3 9 21 23 38 1 2 28 31 1 5 22 45 1 1 32 1 9‘ 1 4 2? 36 1 8 32 28 1 3
1 956 1 5 40 21 21 38 1 3 27 31 1 5 1 ? 43 19* 28 22 19 24 39' 1 9 30 30 1 4
1 957 1 7 43 22 20 39 1 3 26 31 1 5 1 7 41 1 8 28 22 22 24 36 20 28 32 14
1 958 1 5 38 21 1 5 39 1 4 25 32 1 ? 1 6 40 22 25 24 26 23 37 21 28 33 15
195 9' 1 5 39’ 21 1 5 38 15 26 3 2 18 16 38 2 4 24 26 27 21 3 8 21 27 34 20
1 960 1 5 43 20 1 7 38 1 7 25 32 20 1 6 36 28 22 30 28 1 9*41 21 25 37 1 6
1 961 1 7 41 1 9* 1 6 38 1 9* 25 31 20 1 5 38 26 20 30 30 1 9* 40 22 25 36 1 5
196? 1 7 43 1 8 1 5 37 22 23 31 24 1 4 3? 31 19* 3 0 34 1 6 39- 26 2 4 37 1 7
1963 1 8 44 1 8 1 4 36 24 2? 34 24 1 3 35 33 18 31 36 1 6 40 27 23 38 1 7
1 964 1 9 43 1 8 1 5 36 26 21 35 24 1 3 26. 42 1 8 32 35 1 6 40 33 23 39* 1 7
1 965 1 8 42 20 1 5 35 28 20 35 26 1 2 23 47 1 8 32 3? > 5 42 33 23 40 1 6
1 966 1 8 43 20 1 5 33 29* 21 36 26 1 2 25 46 1 8 31 57 1 4 39* 34 23 41 1 6
1 967 1 9 38 24 1 6 32 28 20 36 28 1 2 1 9* 52 1 8 30 38 1 4 38 34 24 40 1 6
1968 1 9- 37 25 1 7 28 31 1 9* 37 29* 1 ? 1 8 53 1 8 29* 39 1 3 36 36 24 39* 1 7
T96?* 1 8 36 26 . 1 7 27 31 1 9* 37 29* 1 2 1 7 56 1 7 27 43 1 4 36 37 23 39* 1 3
1 970 1 7 36 28 1 8 23 33 1 8 38 29’ 11 21 53 1 7 27 43 1 3 34 39 22 42 17
1 971 1 7 31 32 21 1 7 34 1 8 33 35 1 1 21 52 1 8 25 43 1 4 32 39* ‘23 40 1?
197? 1 7 34 31 21 1 7 33 1 3 29*33 1 1 23 51 1 8 26 43 1 4 30 41 24 39*1 3
19 73 1? 35 30 21 1 5 34 1 8 28 39* 12 1 ?' 52 1 7 26 43 1 4 ?9* 41 2 5 33 1 3
1 974 1 6 37 29 23 1 6 29* 1 9* 29* 37 1 3 1 6 53 1 ? 17 39 1 6 30 3? 26 36 1 ?
< * )  THE C O N S U M P T I O N  OF T R A N S P O R T A T I O N #  I N D U 3 T R Y # A H I D  DQMHS-T I  C » A S D E F I N E D  I N 
THE P R E V I O U S  T A B U S f W A S  D I V I D E D  BY THE T O T A L  L I Q U I D  F U E L  C O N S U M P T I O N
T - TMNSpORTATlOW 
I = INDUSTRIAL 
j) - Dofiesnc
= hY dro, nuclear 
and 
imported 
electricity
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INDEX OF INDUSTRIAL PRODUCTION
ITALY NETH. FRANCE DENM. GER. B/L U.K
1955 51 64 6 3 68 6 2 73 841956 55 68 68 69 67 79 84
19 57 59 71 74 73 71 79 85
1958 61 72 77 77 73 75 84
1959 69 79 78 83 78 78 88
1960 79 87 85 86 88 84 951961 86 90 90 91 93 89 951962 93 95 94 99 97 93 96
1963 1 00 100 100 100 100 100 100
196 4 101 110 108 112 108 107 1081965 105 116 110 119 114 109 111
1966 117 123 118 123 11 6 112 113
1967 1 28 128 122 127 114 113 1131968 136 1 43 127 137 1 28 120 1 21
1969 140 160 142 1 52 144 1 31 1251970 149 176 1 51 1 58 1 53 135 1251971 1 48 188 160 162 156 1 38 125
1972 156 203 171 175 162 1 48 128
1973 171 219 183 181 175 1 57 138
1974 177 213 184 177 171 163 135
SOURCE : EEC GENERAL STATISTICS AND OECD MAIN ECONOMIC
VALUE OF INDUSTRIAL PRODUCTION 
IN 106 1963 U.S.DOLLARS
ITALY NETH . FRANCE DENM . GER . B/L U.K.
1955 7005 3362 20792 16 43 27419 3726 247431956 7555 3572 22442 1667 '29630 4032 247431957 8104 3730 2442? 1764 31399 4032 250381958 8379 3782 2541 2 ‘ 1860 32284 3828 24743
1959 9478 4150 2574? 2005 34495 3981 25921196 0 10851 4570 28053 2078 38917 4287 2 79 831961 11813 4728 29703 , 2199 41128 4 5 43 279831962 1 2774 4990 31023 2 39 2 4289 7 4747 282781963 1 3736 5253 33003 2416 44224 5104 294561964 1 3873 5 778 35643 2706 47762 * * 5461 3181?1965 1 4423 6093 36303 2875 5041 5 5563 326961966 16071 6461 38944 2972 51300 5716 3 3 2*8 51967 1 75 82 67 2 4 40264 3068 5041 5' 5768 3 32851968 18681 751? 4 1914 3310 - 56607 61 25 ' 356421969 19230 8405 46864 3672 63683 668.6 368201970 20467 9245 49835 3817 67663 6 89 0 3 6 8201971 20329 9 876 52805 391 A 6 89 89 704 4 368201972 21428 10664 56435 4228 71643 75 54 377041973 23489 11504 60395 4 373 77392 8 01 3 406491974 2431 3 1 1 189 60726 4276 75623 8320 39766
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EMPLOYEES IN EMPLOYMENT IN 1000 INDUSTRIAL SECTOR
ITALY NETH . FRANCE DENM. F.R.GER. B/L U.K.
1955 4738 1389 6120 575 9775 1468 121741956 4892 1415 6242 569 1 0453 1510 122601957 5463 1415 6423 587 10813 1525 12262
1958 5591 1381 6516 587 11109 1443 120951959 5693 1 411 6441 638 11253 1415 11239
1960 5949 1466 6512 688 11553 1458 115731961 6208 1499 6594 700 11851 1489 11727
1962 6474 1541 6723 716 11953 1512 116671963 6673 1571 6974 707 12006 1 533 11537
1964 6580 1613 7202 714 12030 1 569 117151965 6309 1634 7262 723 12212 1567 118531966 6211 1627 7355 732 12119 1 554 11 8681967 6384 1572 7351 732 11413 1513 114711968 64 67 1575 7274 728 11543 1486 112691969 6686 1638 7450 765 11980 1519 11266
1970 6837 1650 7606 779 12128 1525 104751971 6940 1622 7659 771 1 2082 1 529 1 00901972 6855 1562 7530 722 11909 1504 96121973 6880 1541 7657 716 11933 1510 99151974 7076 1513 7732 673 11514 1526 989 5
SOURCE: EEC GENERAL STATISTICS AND OECD MAIN ECONOMIC INDECATORS
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EMPLOYEES IN EMPLOYMENT IN 1000 ANNUAL AVERAGE OR 30 JUNE
I T A I Y NETH. FRANCE DENM. F . R.6ER. B / I U. K.
1955 11525 3067 11684 1303 18570 2627 216001956 1 1 277 2841 11 836 1 289 19054 2600 218641957 1 1 720 3067 1 21 54 1316 19461 2 6 49 220161958 1 2077 3054 1 231 4 1 329 19572 2625 219711959 1 1993 311 3 1 2397 1 436 19 739 26 0 3 221061960 11973 3190 131 51 1555 201 49 2619 224911961 11994 3237 1315 4 1 595 20377 2690 228241962 1 2335 3329 1 3400 1 629 20633 2752 230251963 1 2555 3404 1 3839 1629 20836 2803 230611964 12362 3498 '14253 1661 21028 2882 233571965 11989 3556 1 4 482 1 693 21 289 2916 236221066 1 1 836 3598 1 4725 1733 2! 284 2041 237831967 1 2083 3591 1 4895 1755 ‘ 20565 2924 233051968 1 2203 3655 • 1 4996 1733 20706 2926 231251069 1 2399 3749 1.5452 1 79 7 21267 ‘3001 230851970 1 2651 3822 1 5874 1837 21747 3082 228911971 12791 3860 1 61 16 1865 21914 31 44 221211972 12797 3822 16388 1923 21906 3165 221181973 1 3048 3831 16 799 1944 22054 321 7 226621974 1 3437 3860 17108 1926 21626 3291 22790
SOURCF: EEC GENERAL STAIISTICS
ALL FIGURES OF THF PERIOD 1955-60 WERE DERIVED FROM 
THE OECD MAIN ECONOMIC INDICATORS ’ .
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POPULAT I ON IN MI LL I ONS
ITALY NETH . FRANCE DENM.' F.R.GER. b / l : u . k . y
1955 4 8 . 2 0 1 0 . 7 5 4 3 . 4 3 4 . 4 4 5 0 . 1 7 9 . 1 8 5 1 . 2 0  / ;
1956 4 8 . 4 7 1 0 . 8 9 4 3 . 8 4 4 . 4 7 5 0 . 7 9 9 . 2 3 51 . 41
1957 4 8 . 7 4 11 . 0 2 4 4 . 3 1 4 . 4 9 51 . 4 2 9 . 3 0 51 . 6 3
T9 5 8 4 9 . 0 4 1 1 . 1 9 4 4 . 7 9 4 . 5 2 5 2 . 0 6 9 . 3 6 51 . 8 4
1959 49 . 36 1 1 . 3 5 4 5 . 2 4 4 . 5  5 5 2 . 7 9 9 . 4 1 5 2 . 1  3 ; . . ; t e ± :
1960 49 . 6 4 11 . 4 8 4 5 . 6 8 4 . 5 8 5 3 . 3 7 9 . 4 6 5 2 . 5 1
1961 49 . 9 0 11 . 6 4 4 6 . 1 6 4 . 6 1 5 4 . 0 3 9 . 5 0 5 2 . 9 6  +
196 2 5 0 . 1 9 11 . 80 4 7 . 0 0 4 . 6 5 5 4 . 7 7 9 . 5 4 5 3 . 4 8
1963 5 0 . 6 4 1 1 . 9 7 4 7 . 8 5 4 . 6 8 5 5 . 6 1 9 . 6 1 53 ..8 0  + > !> •
1964 51 . 5 7 1 2 . 1 2 4 8 . 3 1 4 . 7 2 5 6 . 1 0 9 . 7 1 5 3 . 8 5
1965 51 . 9 4 1 2 . 2 9 4 8 . 7 6 4 . 7 6 5 6 . 8 4 9 . 7 9 5 4 . 1  S + T Z l
1966 5 2 . 2 8 1 2 . 4 5 4 9 . 1 6 4 . 8 0 5 7 . 4 9 9 . 8 6 5 4 . 4 5
1967 5 2 . 6 0 1 2 . 6 0 4 9 . 5 5 4 . 8 4 5 7 . 7 0  ? 9 . 9 2 5 4 , 7 5  :
1968 5 2 . 9 1 1 2 . 7 ? 49 .91 4 . 8 6 5 8 . 0 2 9 . 9 6 5 5 . 0 5
1969 5 3 . 2 3 1 2 . 8 7 5 0 . 3 2 4 . 8 9 5 8 . 7 1 9 . 9 9 5 5 . 2 7  ..
1970 5 3 . 5 7 1 3 . 0 3 5 0 . 7 7 4 . 9 3 5 9 . 4 3 1 0 . 0 0 5 5 . 4 1
1971 5 3 . 9 0 1 3 . 1 9 51 . 2 5  . .." " 4 . 9 6  ~ 5 9 . 1 8  "" 1 0 . 0 1 5 5 . 6 1
1972 5 4 . 3 5 1 3 . 3 3 51 . 7 0 4 . 9 9 61 . 6 7 1 0 . 0 6 5 5 . 8 0
1973 5 4.  89 1 3 . 4 4 - 5 2 . 1 3 5 . 0 3 61 . 9 7 1 0 . 1  T 5 6 . 0 2  + : ; ; ;
1974 5 5 . 4 1 1 3 . 5 5 5 2 . 5 1 5 . 0 5 6 2 . 0 5 1 0 . 1 6 56 . 06
SOURCE : U . N . DEMOGRAPHICAL YEARBOOK
! : v. . j-JftL.;. " L. v/v ~X+hr r ;■ V V v , / \ . ., _ I_rff :
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